12 United States Patent

Shao et al.

US008669291B2

(10) Patent No.:

45) Date of Patent:

US 8.669.,291 B2
Mar. 11, 2014

(54) PHENYL SUBSTITUTED
CYCLOALKYLAMINES AS MONOAMINE
REUPTAKE INHIBITORS

Inventors: Liming Shao, Lincoln, MA (US);

(75)

(73)

(%)

(21)
(22)

(65)

(60)

(1)

(52)

(58)

(56)

Assignee:

Notice:

Appl. No.:

Filed:

US 2009/0005456 Al

Fengjiang Wang, Northborough, MA
(US); Scott Christopher Malcolm,
Southborough, MA (US); Michael
Charles Hewitt, Somerville, MA (US);
Jianguo Ma, Natick, MA (US); Seth
Ribe, Worcester, MA (US); Mark A.
Varney, Laguna Nigel, CA (US); Una
Campbell, Marlborough, MA (US);
Sharon Rae Engel, Hudson, MA (US);
Larry Wendell Hardy, Sturbridge, MA
(US); Patrick Koch, Marlborough, MA
(US); Rudy Schreiber, Watertown, MA
(US); Kerry L. Spear, Concord, MA
(US)

Sunovion Pharmaceuticals Inc.,
Marlborough, MA (US)

Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35

U.S.C. 154(b) by O days.

12/131,845

Jun. 2, 2008

Prior Publication Data

Jan. 1, 2009

Related U.S. Application Data
Provisional application No. 60/941,242, filed on May

5,686,461 A 11/1997 Cugola et al.
5,859,042 A 1/1999 Lee et al.
5,962,496 A 10/1999 Cugola et al.
5,965,591 A 10/1999 Kojima et al.
6,069,176 A 5/2000 Tsuchiya et al.
6,096,771 A 8/2000 Kojima et al.
6,100,289 A 8/2000 Cugola et al.
6,191,138 Bl 2/2001 GQGutterer
6,331,636 B1 12/2001 Romero et al.
6,372,919 Bl 4/2002 Lippa et al.
6,399,601 Bl 6/2002 Du Bois
6,410,790 Bl 6/2002 Sundermann et al.
6,479,527 B1 11/2002 Barker et al.
6,576,653 B2 6/2003 Du Bois
6,589,949 Bl 7/2003 Moriwaki et al.
6,603,000 B2 8/2003 Yee et al.
6,828,460 B2* 12/2004 Browningetal. ............ 564/256
6,995,144 B2 2/2006 Ozaki et al.
7,166,725 B2 1/2007 Fang et al.
7,226,938 B2 6/2007 Cai et al.
7,273,952 B2* 9/2007 Sundermann etal. ........ 564/337
7,488,747 B2 2/2009 Fang et al.
7,579,370 B2 8/2009 Heffernan et al.
7,615,572 B2  11/2009 Fang et al.
2002/0010198 Al 1/2002 Jerussi et al.
2002/0085976 Al 7/2002 Elomari
2002/0123490 Al 9/2002 Howard, Jr.
2002/0183369 A1 12/2002 Du Bois
2003/0087803 Al 5/2003 Yatvin et al.

(Continued)

FOREIGN PATENT DOCUMENTS

BE 616646 5/1962
CA 2066593 Al 2/1992
(Continued)
OTHER PUBLICATIONS

Hoffman, Organic Chemistry: An Intermediate Text, Second Edition,

2004.*
Morissette et al. Advanced Drug Delivery Reviews 2004, 56, 275-

31, 2007.

Int. CI.

A6IK 31/133
A6IK 31/135
Co7C 211/17

U.S. CL
USPC

(2006.01
(2006.01
(2006.01

Field of Classification Search

USPC

[N R

514/650; 564/337

514/650; 564/337
See application file for complete search history.

300.*

Vippagunta et al., abstract, Vippagunta, Sudha R. “Crystalline Sol-
1ds.” Advanced Drug Delivery Reviews 48(2001): 3-26.*

Abarbri et al., “Les beta-cetonitriles groupes protecteurs de la fonc-
tion amine. Preparation d’amino-alcools”, Helv. Chim. Acta 1995,
78(1), 109-121.

Aboul-Enein et al., “Synthesis and Antiemetic Profile of N-[I-
[(diethylamino)methyl]cyclohexyl]amides”, Sci. Pharm. 1990,
58(3), 273-280.

Alvaro et al., “Preparation and photolysis of diaryl esters of
acetylenedicarboxylic acid”, Tetrahedron 1992, 48(16), 3437-3444.
Ando et al., “3-(Arylacetylamino)-N-methylbenzamides: A Novel
Class of Selective Anti-Helicobacter pylor1 Agents”, J. Med. Chem.
2001, 44(25), 4468-4474.

(Continued)

Primary Examiner — Samantha Shterengarts
(74) Attorney, Agent, or Firm — Jones Day

References Cited
U.S. PATENT DOCUMENTS

3,496,181 A 2/1970 Skaletzky et al.
3,634,454 A 1/1972 Lewis et al.
3,974,157 A 8/1976 Shetty et al.
4,540,690 A 9/1985 Szmuszkovicz
4,587,258 A 5/1986 Gold et al.
4,738,709 A 4/1988 Nielsen
4,751,231 A 6/1988 Halczenko et al.
4,981,870 A 1/1991 Koe
5,373,018 A 12/1994 Cugola et al.
5,374,649 A 12/1994 Cugola et al.
5,523,278 A 6/1996 Wepplo
5,550,255 A 8/1996 Urbach et al.
5,578,627 A 11/1996 Takeda et al.
5,620,997 A 4/1997 Bolton et al.
5,668,162 A 9/1997 Domagala et al.

(57)

ABSTRACT

Phenyl-substituted cyclohexylamine derivatives and method
for their synthesis and characterization are disclosed. Use of
these compounds to treat/prevent neurological disorders as
well as methods for their synthesis are set forth herein. Exem-
plary compounds of the invention 1nhibit reuptake of endog-
enous monoamines, such as dopamine, serotonin and norepi-
nephrine (e.g., from the synaptic cleit) and modulate one or
more monoamine transporter. Pharmaceutical formulations
incorporating compounds of the invention are also provided.

19 Claims, 10 Drawing Sheets



US 8,669,291 B2

Page 2
(56) References Cited WO WO 98/42709 A1  10/1998
WO WO 99/10343 A1 3/1999
U.S PATENT DOCUMENTS WO WO 99/18065 Al 4/1999
WO WO 99/40913 A1 8/1999
2003/0171440 Al 9/2003 Senanayake et al. WO WO 99/40914 Al 8/1999
2003/0195361 Al  10/2003 Du Bois WO WO 99/08868 Al 9/1999
2003/0215523 Al 11/2003 Ozawa et al. WO WO 00/25770 A1 5/2000
2003/0232891 Al  12/2003 Sundermann et al. WO WO 01/02427 A1 1/2001
2004/0048878 Al 3/2004 Cai et al. A% WO 01727103 Al 4/2001
2004/0092605 Al 5/2004 Jerussi et al. WO w0 01/42203 A1 6/2001
2004/0106681 Al  6/2004 Rao et al. WO WO 01/79208 Al 10/2001
2004/0171615 Al 9/2004 Sundermann et al. WO WO 02/12249 A2 2/2002
2004/0220229 Al  11/2004 Bussolotti et al. WO WO 02/20530 AL 3/2002
2005/0020645 Al 1/2005 Ohta et al. WO WO 0231128 Al 4/2002
2005/0038034 Al  2/2005 Uragg et al. WO WO 03/016302 A1 2/2003
2005/0089935 Al 4/2005 Cai et al. WO WO 03/039540 A2 5/2003
2005/0143434 Al 6/2005 Fang et al. WO WO 03/063797 A2 8/2003
2005/0143443 Al  6/2005 Fang et al. WO WO 03/074531 Al 9/2003
2005/0182131 Al  8/2005 Friderichs et al. WO WO 03/074532 Al 9/2003
2006/0019944 Al 1/2006 Wu et al. WO WO 03/091213 Al 11/2003
2006/0135512 Al 6/2006 Boehringer et al. WO WO 03/092670 Al 11/2003
2006/0229286 Al  10/2006 Kakigami et al. WO WO 2004/022537 A2 3/2004
2006/0235002 Al 10/2006 Nagai et al. gg WO 20%%%%%; ﬁ %883
2007/0100135 Al 5/2007 Riggs et al. WO WO 2004031103 A1 4/2004
2007/0142452 Al 6/2007 Banner et al. WO WO 2004/031104 Al 45004
2007/0197588 Al 82007 Shao et al. WO WO 2004/030787 Al 52004
2008/0004328 Al 1/2008 Dorsey et al. WO WO 2004/113345 Al 12/2004
2008/0058395 Al 3/2008 Heffernan et al. WO WO 2005/013981 Al /2005
2009/0099248 Al 4/2009 Heffernan et al. WO WO 2005/018637 Al 3/2005
2009/0149549 Al  6/2009 Zhao et al. WO WO 2005/020986 Al 3/2005
2010/0016397 Al  1/2010 Fang et al. WO WO 2005/020987 Al 3/2005
2010/0022612 Al 1/2010 Dorsey et al. WO WO 2005/040166 Al 5/2005
2010/0029737 Al 2/2010 Heffernan et al. WO WO 2005/046575 A2 5/2005
2010/0029741 Al  2/2010 Dorsey et al. WO WO 2005/066135 A2 7/2005
2010/0120740 A1 5/2010 Heffernan et al. gg %8 ggggﬁggg%g ﬁ ;/{3882
WO WO 2005/123677 Al 12/2005
FOREIGN PATENT DOCUMENLS WO WO 2006/001958  *  1/2006  .oooveceree. 548/200
WO WO 2006/004040 Al 1/2006
CA 2410077 A1 11/2001 WO WO 2006/021000 A2 2/2006
CA 2474451 Al 8/2003 WO WO 2006/077412 Al 7/2006
CA 2498152 Al 3/2004 WO WO 2007/039773 Al 4/2007
CA 2498175 Al 3/2004 WO WO 2007/068621 Al 6/2007
CA 2565852 Al 1172005 WO WO 2007/081542 A2 7/2007
CA 2566094 Al 12/2005 WO WO 2007/081857 A2 7/2007
CN 1106386 A 8/1995 WO WO 2007/115185 A2 10/2007
CN 1709871 A 12/2005 WO WO 2008/005456 A2 1/2008
CN 1962656 A 5/2007 WO 2008079382 Al 7/2008
DE 1124485 A~ 3/1962 WO WO 2008/089453 A2  7/2008
DE 3431541 Al 3/1986 WO WO 2008/151156 Al 12/2008
EP 0101786 Al 3/1984 WO WO 2009/020814 A2 2/2009
EP 0152032 A2 8/1985 WO WO 2010/017418 Al 2/2010
EP 0396124 A2 11/1990
EP 1136071 A2 9/2001 OTHER PUBLICATIONS
EP }219603 A2 7/2002 Arya et al., “Synthesis of New Heterocycles: Part XV. Synthesis of
EP fzﬁzlgl Af 12/2002 Novel Cyclic and Acyclic Sulfamides”, Indian J. Chem., Sec. B,
iy 1502864 AL 1172003 1976, 14B(10), 766-769.
EE gg?ﬁég i égggj Ashton et al., “Nonpeptide angiotensin II antagonists derived from
EP . 470078 Ai 57004 1 H-pyrazole-5-carboxylates and 4-aryl-1H-1midazole-5-
TP 50-157342 12/1975 Assoclated Press, “FDA mulls drug to slow late-stage Alzheimer’s”,
TP Q54-059269 A 5/1979 CNN.com, Sep. 24, 2003, URL: <http://www.cnn.com/2003/
TP 60-172970 A 9/1985 HEALTH/conditions/09/24/alzheimers.drug.ap/index.html>.
JP HO1-016786 A 1/1989 Aubert et al., “New cyclopenta[b]-pyrroles and -pyridines by reac-
JP HO1-172388 A 7/1989 tion of 2-azido- and 2-phosphoranylideneaminocyclopent-1-ene-1-
JP HO04-077476 A 3/1992 carbaldehydes with aliphatic esters”, J. Chem. Soc. Perkin Trans. 1
t__P 5-504769 A 7/1993 1989(8), 1369-1373.
1P 2000-503996 A 4/2000 Azema et al., “Efficient approach to acyloxymethyl esters of nalidixic
E %gggﬁgégg A 2?388‘;‘ acid and 1n vitro evaluation as intra-ocular prodrugs”, Bioorg. Med.
P 006.511453 A A/2006 Chem. 2006, 14(8), 2569-2580.
P 2007-509097 A 4/2007 Baba et al., “Structure-Based Design of a Highly Selective Catalytic
WO WO 86/00806 Al /1986 Site-Directed Inhibitor of Ser/Thr Protein Phosphatase 2B
WO WO 91/11437 Al 2/1991 (Calcineurin)”, J. Am. Chem. Soc. 2003, 125(32), 9740-9749,
WO 0209566 Al 6/1992 Babu et al., “Simple and facile oxidation of aldehydes to carboxylic
WO WO 95/17381 Al 6/1995 acids”, Org. Prep. Proced. Int. 1994, 26(1), 123-125.




US 8,669,291 B2
Page 3

(56) References Cited
OTHER PUBLICATIONS

Bagal et al.,“Radicals from Aldehydes: A Convergent Access to

Dienes and oLactones”, Synlett 2006(10), 1485-1490.

Balsamini et al., “(E)-3-(2-(N-phenylcarbamoyl)vinyl)pyrrole-2-
carboxylic acid derivatives. A novel class of glycine site antagonists™,
J. Med. Chem. 1998, 41(6), 808-820.

Balsamini et al., “An improved route to cycloalka[b]pyrrole
2-carboxylates”, Org. Prep. Proced. Int. 1997, 29(4), 471-473.
Bambury et al., “Trifluoromethylfurans II”, J. Heterocycl. Chem.
1970, 7(2), 269-273.

Banckovich et al., “Synthesis and biological activities of novel
dexibuprofen tetraacetylriboflavin conjugates™, Bioorg. Med. Chem.
Lett. 2007, 17(3), 683-687.

Banfi et al., “Synthesis of New Imidazole Derivatives as Potential
Inhibitors of Thromboxane Synthetase”, J. Heterocycl. Chem. 1990,
27,215-219.

Bardakos et al., “Enhydrazine, 10. Finige
Enhydrazone”, Chem. Ber. 1975, 108(7), 2161-2170.
Bartlett et al., “Evaluation of alternative approaches for the synthesis
of macrocyclic bisindolylmaleimides”, Org. Biomol. Chem. 2004,
2(19), 2874-2883.

BASF Corp., “Borane-tetrahydrofuran Complex (BTHF)” Product
Bulletin, 2002, pp. 1-14.

Baumes et al., “No. 227.—Recherches sur les enehydrazines. VI.—
Condensation de methylhydrazones de cetones sur les esters
acetyleniques: synthese de carbomethoxypyrroles™, Bull. Soc. Chim.
Fr. 1974(5-6), 1147-1150.

Beaumont et al., “Design of Ester Prodrugs to Enhance Oral Absorp-
tion of Poorly Permeable Compounds: Challenges to the Discovery
Scientist”, Curr. Drug Metab. 2003, 4(6), 461-485.

Bedford et al., “Quaternary salts of
2-[(hydroxyimino)methyl imidazole. 2. Preparation and 1n vitro and
in vivo evaluaton of 1-(alkoxymethyl)-2-[(hydroxyimino)methyl]-3-
methylimidazolium halides for reactivation of organophosphorus-
inhibited acetylcholinesterases”, J. Med. Chem. 1989, 32(2), 493-
503.

Benson et al., “Aliphatic f-Chlorovinyl Aldoximes™, J. Org. Chem.
1965, 30(4), 1126-1129.

Bergauer et al., “Practical ex-chiral-pool methodology for the syn-
thesis of dopaminergic tetrahydroindoles™, Tetrahedron 2004, 60(5),
1197-1204.

Bialer et al., “Pharmacokinetic analysis and antiepileptic activity of
tetra-methylcyclopropane analogues of valpromide™, Pharm. Res.
1996, 13(2), 284-289.

Biggadike et al., “Selective plasma hydrolysis of glucocorticoid
gamma-lactones and cyclic carbonates by the enzyme paraoxonase:
an 1deal plasma inactivation mechanism.” J. Med. Chem. 2000, 43(1),
19-21.

Birkofer et al., “The Use of Silylation in Organic Syntheses”, Angew.
Chem. Int. Ed. 1965, 4(5), 417-429.

Black, D., “Product Class 13: 1H-Pyrroles™ in “Science of Synthesis:
Houben-Weyl Methods of Molecular Transformations™, vol. 9;
Maas, G., ed.; Thieme Medical Publishers: Stuttgart, 2001, pp. 441-
552.

Blanchfield et al., “The stability of lipidic analogues of GnRH 1n
plasma and kidney preparations: the stereoselective release of the
parent peptide”, Bioorg. Med. Chem. Lett. 2005, 15(6), 1609-1612.
Bobbitt et al., “Organic Nitrosonium Salts. II. Stability Studies and
Oxidations of Some Indole Derivatives”, Heterocycles 1990, 30(2),
1131-1140.

Bobosik et al., “Synthesis of N-Phenylsulfonyl Protected Furo[3,2-
blpyrroles”, Collect. Czech. Chem. Commun. 1994, 59(2), 499-502.
Boeshagen et al., “Ueber 3-Acylimino-3H-1.2-benzodithiole™,
Chem. Ber. 1968, 101(7), 2472-2484.

Borza et al.,, “Selective NR1/2B N-Methyl-d-aspartate Receptor
Antagonists among Indole-2-carboxamides and Benzimidazole-2-
carboxamides” J. Med. Chem. 2007, 50(5), 901-914.

Braga et al., “Making crystals from crystals: a green route to crystal
engineering and polymorphism™, Chem. Commun. 2005(29), 3635-
3645.

aliphatische

Bregant et al., “Orthogonally Protected Lanthionines: Synthesis and
Use for the Solid-Phase Synthesis of an Analogue of Nisin Ring C”,

J. Org. Chem. 2005, 70(7), 2430-2438.
Brunner et al., “Asymmetrische Hydrnierung von (Z)-a-

(Acetylamino)-zimtsaure mit emem Rh/norphos-Katalysator”,
Angew. Chem. 1979, 91(8), 655-656.

Brunner-Guenat et al., “Esters of L-dopa: structure-hydrolysis rela-
tionships and ability to induce circling behaviour in an experimental

model of hemiparkinsonism”, J. Pharm. Pharmacol. 1995, 47(10),
861-869.

Bueno etal., “Dipeptides as effective prodrugs of the unnatural amino
acid  (+)-2-amunobicyclo[3.1.0]hexane-2,6-dicarboxylic acid
(LY354740), a selective group II metabotropic glutamate receptor
agonist.” J. Med. Chem. 2005, 48(16), 5305-5320.

Bundgaard et al., “Esters of N,N-disubstituted 2-hydroxyacetamides
as a novel highly biolabile prodrug type for carboxylic acid agents™,
J. Med. Chem 1987, 30(3), 451-454.

By et al., “Solid-State Chemustry of Drugs”, 2nd ed.; SSCI, Inc.:
West Lafayette, Indiana, 1999, pp. 232-247.

Cai et al., “Synthesis of 2,4,5-Trisubstituted Oxazoles”, Synthesis
2005(10), 1569-1571.

Calderon et al., “Novel 1-Phenylcycloalkanecarboxylic Acid Deriva-
tives Are Potent and Selective .sigma.l Ligands™, J. Med. Chem.
1994, 37(15), 2285-2291.

Callis et al., “A Tandem Horner—Emmons Olefination—Conjugate
Addition Approach to the Synthesis of 1,5-Disubstituted-6-
azabicyclo[3.2.1]octanes Based on the AE Ring Structure of the
Norditerpenoid Alkaloid Methyllycaconitine”, J. Org. Chem. 1996,
61(14), 4634-4640.

Cartoon et al., “Lithiation reactions of 1-(2'-bromophenyl)pyrrole
and related compounds”, J. Organomet. Chem. 1981, 212(1), 1-9.
Chakraborty et al., “Synthesis and characterization of Boc-protected
4-amino- and S-amino-pyrrole-2-carboxylic acid methyl esters”, Tet-
rahedron Lett. 2006, 47(27), 4631-4634.

Chapman et al., “The Analytical Reduction of Porphyrins to Pyr-
roles”, Can. J. Chem. 1971, 49(21), 3544-3564.

Chaubey et al., “Kinetics of the Oxidation of Heterocyclic Aldehydes
by Quinolinium Dichromate”, Bull. Chem. Soc. Jpn. 2002, 75(10),
2215-2220.

Chen et al., “4,4-Difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY)
Dyes Modified for Extended Conjugation and Restricted Bond Rota-
tions”, J. Org. Chem. 2000, 65(10), 2900-2906.

Chen et al., “Studies on the SAR and pharmacophore of milnacipran
derivatives as monoamine transporter inhibitors”, Biloorg. Med.
Chem. Lett. 2008, 18(4), 1346-1349.

Chimichi et al., “New 5-(2-ethenylsubstituted)-3(2H)-furanones
with 1n vitro antiproliferative activity”, Tetrahedron 2003, 59(28),
5215-5223.

Cottineau et al., “Synthesis and hypoglycemic evaluation of substi-
tuted pyrazole-4-carboxylic acids”, Bioorg. Med. Chem. Lett. 2002,
12(16), 2105-2108.

Craneet al., “A Novel Enantioselective Synthetic Route to Omuralide
Analogues with the Potential for Species Selectivity in Proteasome
Inhibition”, Org. Lett. 2001, 3(9), 1395-1397.

Cuevas-Yanez et al., “Rhodium(II) catalyzed intramolecular inser-
tion of carbenoids derived from 2-pyrrolyl and 3-indolyl a-diazo-[3-
ketoesters and o-diazoketones”, Tetrahedron 2004, 60(7), 1505-
1511.

Cyranski et al., “Aromaticity of dihetero analogues of pentalene
dianion. X-Ray and ab initio studies of eight methyl furo[3,2-b]pyr-
role-5-carboxylate derrvatives and five methyl furo[2,3-b]pyrrole-5-
carboxylate derivatives”, Tetrahedon 2001, 57(42), 8867-8873.
Damaslo, A. R., “Alzheimer’s Disease and Related Dementias™ in
“Cecil Textbook of Medicine”, 20th ed., vol. 2; W.B. Saunders Co.:
Philadelphia, 1996, pp. 1992-1996.

Dandarova et al., “13C NMR spectra of some substituted furo[3,2-b]
pyrroles”, Magn. Reson. Chem. 1990, 28(9), 830-831.

Das et al., “Synthesis of some N-substituted carbazoles and their
larvicidal studies™, J. Indian Chem. Soc. 2005, 82, 158-160.
Database Beilstein, Beilstein Institute for Organic Chemistry, Frank-
furt-Main, DE; Database Accession No. BRN: 10196160 Abstract;
and Eur. J. Org. Chem. 2005(21), 4670-4679.




US 8,669,291 B2
Page 4

(56) References Cited
OTHER PUBLICATIONS

Database Beilstein, Beilstein Institute for Organic Chemistry, Frank-
furt-Main, DE; Database Accession No. BRN: 1074598 Abstract;
and Can. J. Chem. 1978, 56(10), 1429-1434.

Database Beilstein, Beilstein Institute for Organic Chemistry, Frank-
furt-Main, DE; Database Accession No. BRN: 4185621 Abstract;
and Collect. Czech. Chem. Commun. 1986, 51(1), 106-111.
Database Beilstein, Beilstein Institute for Organic Chemistry, Frank-
furt-Main, DE; Database Accession No. BRN: 4429388 Abstract;
and Collect. Czech. Chem. Commun. 1984, 49(1), 65-70.

Database Beilstein, Beilstein Institute for Organic Chemistry, Frank-
furt-Main, DE; Database Accession No. BRN: 7812555 Abstract;
and Collect. Czech. Chem. Commun. 1997, 62(10), 1612-1622.
Database CAPLUS on STN, Acc. No. 1977:83511, Koe, .
Pharmacol. Exp. Ther. 1976, 199(3), 649-661. [abstract].

De Lucacetal., “A New, Simple Procedure for the Synthesis of Formyl
Amides”, Synlett 2004(14), 2570-2572.

Denmark et al., “Chiral fluoro ketones for catalytic asymmetric

epoxidation of alkenes with oxone™, J. Org. Chem. 2002, 67(10),
3479-3486.

Denmark et al., “Organocerium additions to SAMP-hydrazones:
general synthesis of chiral amines™, J. Am. Chem. Soc. 1987, 109(7),

2224-2225.

Dhanak et al., “Studies in the protection of pyrrole and indole deriva-
tives”, J. Chem. Soc., Perkin Trans. 1, 1986, 2181-2186.

Durrer et al., “Structure-metabolism relationships in the hydrolysis
of nicotinate esters by rat liver and brain subcellular fractions™,
Pharm. Res. 1991, 8(7), 832-8309.

Elghamry, “Synthesis of ethyl pyrrole-2-carboxylates: a regioselec-
tive cyclization of enaminones under knorr-type conditions™, Synth.
Commun. 2002, 32(6), 897-902.

Eliel, “Infelicitous stereochemical nomenclature”, Chirality 1997,
9(5-6), 428-430.

El-Nagger et al., “Synthesis and Biological Activity of Some New
Aminoacylcarbazole Derivatives. Part I, J. Heterocycl. Chem. 1982,
19, 1025-1028.

English et al., “Orally effective acid prodrugs of the beta-lactamase
inhibitor sulbactam™, J. Med. Chem. 1990, 33(1), 344-347.

Eras et al., “Reactivity of thienopyrroles. Synthesis of 1someric nitro
and bromothienopyrroles”, J. Heterocycl. Chem. 1984, 21(1), 215-
217.

Estep, “An Efficient Synthesis of 4-Hydroxy-1H-indole-2-
carbonitrile and Its Conversion to DPI 201-106”, Synth. Commun.
1995, 25(4), 507-514.

Fagan etal., “A new approach to the core of roseophilin”, Tetrahedron
Lett. 1999, 40(33), 6117-6120.

Ferguson et al., “N-Acetyl-5,6-dihydrofuro[3,2-b]pyrid-2-one,
CO9HIONO3”, Cryst. Struct. Comm. 1976, 5, 911-914.

Fischer et al., “On Benzisothiazolones: A Series with a Wide Range
of Bacteriostatic and Fungistatic Activity”, Arzneimittel-Forschung
1964, 14(12), 1301-1306.

Fischer et al., “Synthese emniger Pyrrole und ithre Umsetzungen™,
Justus Liebigs Ann. Chem. 1932, 492(1), 128-155.

Fischer et al., “Synthesen der Opso- und Hamopyrrolcarbonsaure.
Neue Synthese von Koproporphyrin. II”, Justus Liebigs Ann. Chem.
1928, 462(1), 240-250.

Fischer et al., “Synthesen von Koproporphyrin I und II, sowie
Mesoporphyrin II, V und XII”, Justus Liebigs Ann. Chem. 1928,
466(1), 147-178.

Fisera et al., “Correlation of Kinetic Data of 1,3-Dipolar Cycloaddi-
tions of C-Benzoyl-N-phenylnitrones with the Homo Energies of
Furan Derivatives”, Collect. Czech. Chem. Commun. 1981, 46,
1504-1512.

Fisera et al., “Cycloadditions of C-Benzoyl-N-phenylnitrone with
Furocondensed Derivatives”, Collect. Czech. Chem. Commun. 1981,
46, 2421-2427.

Flaugh et al., “Synthesis of porphyrins. Deoxophyl-
loerythroetioporphyrin, J. Am. Chem. Soc. 1968, 90(24), 6877-
6879.

™

Foucaud etal., “The[1 + 4] cycloaddition of isocyanides with 1-aryl-
2-nitro-1-propenes. Methyl 2-nitro-3-arylpropenoates and methyl
2-nitro-2,4-pentadienoates. Synthesis of 1-hydroxyindoles and
1-hydroxypyrroles”, J. Org. Chem. 1983, 48(21), 3639-3644.
Fraga-Dubreuil et al., “Grafted 1onic liquid-phase-supported synthe-
sis of small organic molecules™, Tetrahedron Lett. 2001, 42(35),
6097-6100.

Francio et al., “Asymmetric Catalysis with Chiral Phosphane/
Phosphoramidite Ligands Derived from Quinoline (QUINAPHOS)”,
Angew. Chem. Int. Ed. 2000, 39(8), 1428-1430.

Frisell et al., “Flavoenzyme Catalysis. Substrate-Competitive Inhi-
bition of D-Amino Acid Oxidase”, J. Biol. Chem. 1956, 223, 75-83.

Fu et al., “Design and synthesis of novel bis(I-amino acid) ester
prodrugs of 9-[2-(phosphonomethoxy)ethyl Jadenine (PMEA) with

improved anti-HBV activity”, Bioorg. Med. Chem. Lett. 2007, 17(2),
465-470.

Fukuda et al., “Tensidols, New Potentiators of Antifungal
Miconazole Activity, Produced by Aspergillus niger FKI1-2342”, J.

Antibiot. 2006, 59(8), 480-485.
Gabbutt et al., “A Facile Synthesis of Some Benzothiopyrano[4,3-

blpyrroles”, J. Chem. Res. (S) 1997(3), 102-103.

Gale et al., “Preparation and Reactions of 5-Carbethoxythieno[3,2-
b]pyrrole and Some of Its Derivatives™, J. Org. Chem. 1964, 29(8),
2160-2165.

Garg et al., “Development of an Enantiodivergent Strategy for the

Total Synthesis of (+)- and (-)-Dragmacidin F from a Single
Enantiomer of Quinic Acid”, J. Am. Chem. Soc. 2005, 127(16),

5970-5978.

Gelas-Mialhe et al., “Photochemical heterocyclization of functional-
1zed dienamines”, J. Org. Chem. 1987, 52(24), 5395-5400.
Gelas-Mialhe et al.,, “Reactivite des N-vinylaziridines fonction-

nalisees. Synthese de derives des a,p-dehydro oi-amino acides™, Can.
J. Chem. 1982, 60(22), 2830-2851.

Geraldine et al., “How an increase in the carbon chain length of the
ester moiety affects the stability of a homologous series of oxprenolol

esters 1n the presence of biological enzymes™, J. Pharm. Sci. 1998,
87(7), 880-885.
Gross et al., “Direct observation of 1-azatulven-6-one and annelated

derivatives”, J. Chem. Soc., Chem. Commun 1982(6), 360-361.

Grygorenko et al., “Stereoselective synthesis of 2,4-methanoproline
homologues”, Tetrahedron Asymmetry 2006, 17(2), 252-258.

Guan et al., “Design and synthesis of aminopropyl tetrahydroindole-
based indolin-2-ones as selective and potent inhibitors of Src and Yes
tyrosine kinase”, Bioorg. Med. Chem. Lett. 2004, 14(1), 187-190.
Haginoya et al., “Synthesis and conformational analysis of a non-
amidine factor Xa inhibitor that incorporates 5-methyl-4,5,6,7-
tetrahydrothiazolo[5,4-c]pyridine as S4 binding element”, J. Med.
Chem. 2004, 47(21), 5167-5182.

Haj-Yehia et al., “Pharmacokinetic analysis of the structural require-
ments for forming “stable” analogues of valpromide™, Pharm. Res.
1992, 9(8), 1058-1063.

Haj-Yehia et al., “Structure-pharmacokinetic relationships in a series
of valpromide derivatives with antiepileptic activity”, Pharm. Res.
1989, 6(8), 683-689.

Harada et al., “A Simple Preparation of Chloromethyl Esters of the
Blocked Amino Acids”, Synth. Commun. 1994, 24(6), 767-772.
Harrak et al.,*PtCI2-Catalyzed Cycloisomerizations of 5-En-1-yn-3-
ol Systems”, J. Am. Chem. Soc. 2004, 126(28), 8656-8657.
Harrison et al., “Cyclopenta[b]indoles. Part 2. Model studies towards
the tremorgenic mycotoxins”, J. Chem. Soc. Perkin Trans. 1 1995(9),
1131-1136.

Harwood et al., “Tandem generation and intramolecular trapping of
chiral stabilised azomethine ylids with alkyne dipolarophiles”, Tet-
rahedron Lett. 1993, 34(41), 6603-6606.

Hauptmann et al.,, “Beitrage zum Reaktionsverhalten von
2-Aminovinylcarbonylverbindungen”, Journal fur Praktische
Chemie 1972, 314(2), 353-364.

Hauptmann et al., “Eine neue Synthese substituierter Thiophene und
Pyrrole”, Tetrahedron Lett. 1968, 9(11), 1317-1319.

Hemetsberger et al.,, “Synthese wund Thermolyse von
a-Azidoacrylestern”, Monatsh. Chem. 1972, 103(1), 194-204.



US 8,669,291 B2
Page 5

(56) References Cited
OTHER PUBLICATIONS

Hillenweck et al., “Chlorothalonil Biotransformation by
Gastrointestinal Microflora: In Vitro Comparative Approach in Rat,
Dog, and Human”, Pestic. Biochem. Physiol. 1997, 58(1), 34-48.
Hilton et al., “Observations on the reactivity of thiyl radicals derived
from 3,6-epidithiodiketopiperazine-2,5-diones and related conge-
ners”, Bioorg. Med. Chem. Lett. 2005, 15(9), 2239-2242.

Holmes et al., “Reactions of N-Benzylthieno[3,2-b]pyrrole. I
Metalation and an Electrophilic Substitution”, J. Org. Chem. 1964,
29(8), 2155-2160.

Hori, M., “Syntheses of Analgesics. XIV. Aminocyclohexane Deriva-
tives. 8., Yakugaku Zasshi 1958, 78, 11-14.

Howarth etal., “Pyrroles and related compounds. Part XX VI. Pyrrole
beta-keto-esters”, J. Chem. Soc. Perkin Trans. 1 1974, 490-501.

Hu et al., “Synthesis of a Porphyrin with Fused Five- and Seven-
membered Exocyclic Rings from a Cross-conjugated Tetracyclic
Dipyrrole”, Synlett 1994(11), 909-910.

Ikegami et al., “Synthesis and pharmacological activity of O-(5-
1soxazolyl)-L-serine”, Chem. Pharm. Bull. 2000, 48(2), 278-280.
Ilyin et al., “Synthesis of Annelated Azaheterocycles Containing a
5-Carbamoylpyrazin-3-one Fragment by a Modification of the Four-
Component Ugi Reaction™, Eur. J. Org. Chem. 2005(21),4670-4679.
Ingram et al., “Investigation of enzyme activity by SERRS using
poly-functionalised benzotriazole derivatives as enzyme substrates”,
Org. Biomol. Chem. 2006, 4(15), 2869-2873.

Inukal et al., “ortho-Disubstituted F-Benzenes. III. Preparation of
(F-Benzo )heterocyclic Compounds from F-Benzoic Acid and F-Phe-
nol, and the Reactions of Some Intermediary F-Benzoyl- and
F-Phenoxy Compounds”, Bull. Chem. Soc. Jpn. 1981, 54(11), 3447 -
3452.

Iranpoor et al., “A Rapid and Facile Conversion of Primary Amides
and Aldoximes to Nitriles and Ketoximes to Amides with
Triphenylphosphine and N-Chlorosuccinimide”, Synth. Commun.
2002, 32(16), 2535-2541.

Isoherranen et al., “New CNS-active drugs which are second-genera-
tion valproic acid: can they lead to the development of a magic
bullet?”, Curr. Opin. Neurol. 2003, 16(2), 203-211.

Jacob et al., “gamma-Aminobutyric acid esters. 2. Synthesis, brain
uptake, and pharmacological properties of lipid esters of gamma-
aminobutyric acid”, J. Med. Chem. 1985, 28(1), 106-110.

Java et al., “Chimie Organique.—Synthese de selenolo, furo et pyr-
rolopyrroles™, C. R. Acad. Sc. Paris 1975, 281 Serie C (19), 793-795.
Jolicoeur et al., “Pyrrole protection”, Tetrahedron 2006, 62(50),
11531-11563.

Katritzky et al., “Efficient Conversion of Carboxylic Acids into
N-Acylbenzotriazoles”, Synthesis 2003(18), 2795-2798.

Katritzky et al., “Novel Synthesis of Bicycles with Fused Pyrrole,
Indole, Oxazole, and Imidazole Rings”, J. Org. Chem. 2004, 69(26),
9313-9315.

Katritzky et al., “Reglospecific C-Acylation of Pyrroles and Indoles
Using N-Acylbenzotriazoles™, J. Org. Chem. 2003, 68(14), 5720-
5723.

Katterle et al., “A Heck-Type Coupling for the Synthesis of Novel
Bridged Metallochlorin-Fullerene C60 Dyads”, European J. Org.
Chem. 2006(2), 414-422.

Keener et al., “Synthesis of 6-substituted thieno[3,2-b]pyrroles™, J.
Org. Chem. 1968, 33(4), 1355-1359.

Kesel, “Synthesis of Novel Test Compounds for Antiviral Chemo-
therapy of Severe Acute Resprratory Syndrome (SARS)”, Curr. Med.
Chem. 2005, 12(18), 2095-2162.

Khanna et al., “Evaluation of glycolamide esters of indomethacin as
potential cyclooxygenase-2 (COX-2) inhibitors”, Bioorg. Med.
Chem. 2006, 14(14), 4820-4833.

Kittredge et al., “alpha-Helical Polypeptide Films Grown From Sul-
fide or Thiol Linkers on Gold Surfaces”, Helv. Chim. Acta 2002,
85(3), 788-798.

Kleinspehn et al., “The Synthesis of Some [3,p-Dipyrrylpropionic
Esters™, J. Am. Chem. Soc. 1954, 76(22), 5641-5646.

Koe, “Molecular geometry of inhibitors of the uptake of

catecholamines and serotonin in synaptosomal preparations of rat
brain”, J. Pharmacol. Exp. Ther. 1976, 199(3), 649-661.
Kralovicovaetal., “Electrophilic Substitution Reactions of Furo[3,2-
blpyrrole Derivatives™”, Collect. Czech. Chem. Commun. 1986,
51(1), 106-111.

Krayushkin et al., “Synthesis of Photochromic 1,2-Dihetarylethene
Using Regloselective Acylation of Thienopyrroles™, Org. Lett. 2002,
4(22), 3879-3881.

Kren et al.,, “Clustered ergot alkaloids modulate cell-mediated
cytotoxicity”, Biroorg. Med. Chem. 2002, 10(2), 415-424.
Krutosikova et al., “Addition and Cycloaddition Reactions of
Furo[3,2-b]pyrroles and Their Benzo[b] Analogues: An NMR Study
of Structure of Products™, Collect. Czech. Chem. Commun. 1988,
53(5), 1770-1778.

Krutosikova et al., “Effect of microwave irradiation on reaction of
furo[3,2-b]pyrrole and furo[2,3-b]pyrrole-2-carbaldehydes with
some active methylene compounds”, ARKIVOC 2000(111), 409-420.
Krutosikova et al., “Reactions of Ethyl 2-(4-chlorophenyl)-4H-
furo[3,2-b]pyrrole-5-carboxylate”, Collect. Czech. Chem. Commun.
1980, 45(111), 2949-2957.

Krutosikova et al., “Reactions of furo[3,2-b]pyrroles and their
benzo[b] analogues”, Chem. Papers 1988, 42(1), 89-95.
Krutosikova et al., “Reactions of Methyl 2-Formylfuro[3,2-b]pyr-
role-5-carboxylates”, Chem. Papers 1996, 50(2), 72-76.
Krutosikova et al., “Substituted 4-Benzylfuro[3,2-b]pyrroles™, Col-
lect. Czech. Chem. Commun. 1992, 57(5), 1487-1494.

Krutosikova et al., “Substituted Vinyl Azides in the Synthesis of
Condensed Nitrogen Heterocycles”, Chem. Papers 1994, 48(4), 268-
273.

Krutosikova et al, “Synthesis and  Reactions of
4-Oxiranylmethylfuro[3,2-b]pyrroles and Their Benzo Derivatives”,
Chemustry of Heterocyclic Compounds 2001, 37(12), 1511-1517.
Krutosikova et al, “Synthesis and  Reactions of
8-Hydrazinofuro[2',3":4,5]|pyrrolo-[1,2-d][1,2,4]triazines”, Collect.
Czech. Chem. Commun. 1997, 62(10), 1612-1622.

Krutosikova etal., “Synthesis and Reactions of Furo[2,3-b]pyrroles™,
Molecules 1997, 2(4), 69-79.

Krutosikova et al., “Synthesis and Reactions of Furocondensed
Derivatives™, Collect. Czech. Chem. Commun. 1984, 49(1), 65-70.
Krutosikova et al., “Synthesis and Reactions of Substituted Furo[3,2-
b]pyrrole Derivatives™, Collect. Czech. Chem. Commun. 1981, 46,
2564-2572.

Kukolja et al., “Orally absorbable cephalosporin antibiotics. 2. Struc-
ture-activity  studies of bicyclic glycine derivatives of
7-aminodeacetoxycephalosporanic acid”, J. Med. Chem. 1985,
28(12), 1896-1903.

Kumar et al., “Synthesis and biological evaluation of thiophene
[3,2-b] pyrrole derivatives as potential anti-inflammatory agents”,
Bioorg. Med. Chem. 2004, 12(5), 1221-1230.

Kuo et al., “G-protein coupled receptors: SAR analyses of
neurotransmitters and antagonists”, J. Clin. Pharm. Ther. 2004,
29(3), 279-298.

Lamboley et al., “Synthesis and Properties of Conformationally Con-
strained Analogues of Floral-Type Odorants”, Helv. Chim. Acta
2004, 87(7), 1767-1793.

Lash et al., “Influence of carbocyclic rings on porphyrin cyclizations:
synthesis of geochemically significant cycloalkanoporphyrins”,
Energy Fuels 1990, 4(6), 668-674.

Lash et al., “Normal and Abnormal Herne Biosynthesis. 2.1 Synthe-
sis and Metabolism of Type-III Pentacarboxylic Porphyrinogens:
Further Experimental Evidence for the Enzymic Clockwise
Decarboxylation of Uroporphyrinogen-III”, J. Org. Chem. 1999,
64(2), 478-487.

Lashetal., “Porphyrins with exocyclic rings. 1. Chemustry 0£4,5,6,7-
tetrahydro-1H-indoles:  synthesis of acetoxy  derivatives,
dihydroindoles, and novel porphyrins with four exocyclic rings”, J.
Org. Chem. 1992, 57(18), 4809-4820.

Lash et al., “Porphyrins with exocyclic rings. Part 3. A reassessment
on the utility of cyclopenta[b]pyrroles in the synthesis of porphyrin
molecular fossils. Preparation of three type II porphyrins related to
deoxophylloerythroetioporphyrin  (DPEP)”, Tetrahedron 1993,
49(20),4159-4172.



US 8,669,291 B2
Page 6

(56) References Cited
OTHER PUBLICATIONS

Lash et al., “Recent advances in the synthesis of porphyrins with
five-membered exocyclic rings”, Energy Fuels 1993, 7(2), 172-178.
Law et al., “The synthesis and chemustry of azolenines. Part 2. A
general synthesis of pyrrole-2-carboxylic acid derivatives by the
reaction of 2H-azirines with enamines, and the crystal and molecular
structure of ethyl 3-phenyl-4,5,6,7-tetrahydroindole-2-carboxylate”,
J. Chem. Soc. Perkin Trans. 1 1984, 111-118.

Layzer, R. B., “Section Five—Degenerative Diseases of the Nervous
System”™ 1n “Cecil Textbook of Medicine™, 20th ed., vol. 2; W.B.

Saunders Co.: Philadelphia, 1996; pp. 2050-2057.

Lee at al., “Amphiphilic amino acid copolymers as stabilizers for the
preparation of nanocrystal dispersion”, Eur. J. Pharm. Sci. 20035,
24(5), 441-449.

[ee et al., “An Effective and Convenient Esterification of
Cephalosporin Derivatives by Using Quarternary Ammonium Salts
as Catalysts”, Synth. Commun. 1998, 28(23), 4345-4354.

Lerche et al., “Umsetzungen mit Monohydrazonen von
Dicarbonylverbindungen, V: Umsetzungen von
Hydrazonoethylidenammonium-Salzen and Hydrazonoaldehyden

mit Grignard-Verbindungen”, Chem. Ber. 1978, 111(3), 1195-12009.
Lietal., “Synthesis of deoxophylloerythroetioporphyrin (DPEP) and
three ring homologs by an improved b-bilene methodology”, Tetra-
hedron Lett. 1998, 39(47), 8571-8574.

Liederer et al., “Enzymes involved 1n the bioconversion of ester-
based prodrugs™, J. Pharm. Sci. 2006, 95(6), 1177-1195.

Liederer et al., “Stability of oxymethyl-modified coumarinic acid
cyclic prodrugs of diastereomeric opioid peptides in biological media
from various animal species including human”, J. Pharm. Sci. 2005,
94(10), 2198-2206.

Liu et al., “Facile construction of the pentacyclic framework of
subincanadine B. Synthesis of 20-deethylenylated subincanadine B
and 19,20-dihydrosubincanadine B”, Org. Lett. 2006, 8(1), 115-118.
Liu et al., “Indole-5-phenylcarbamate derivatives as human non-
pancreatic secretory phospholipase A2 inhibitor”, Biloorg. Med.
Chem. Lett. 2005, 15(20), 4540-4542.

Liu et al., “The synthesis of camostat intermediate”, Huaxue Shiji,
2006, 28(6), 371-372.

Ma et al., “Hydrolysis of angiotensin II receptor blocker prodrug
olmesartan medoxomil by human serum albumin and 1dentification
of its catalytic active sites”, Drug Metab. Dispos. 2005, 33(12),
1911-19109.

Majumdar et al., “o-(1H-Imidazol-1-yl)alkyl (IMIDA) carboxylic
acid esters as prodrugs of carboxylic acid containing drugs™, Tetra-
hedron Lett. 2007, 48(26), 4609-4611.

Mal et al., “Regioselective synthesis of 1-hydroxycarbazoles via
anionic [4+2] cycloaddition of furoindolones: a short synthesis of
murrayafoline-A”, Tetrahedron Lett. 2006, 47(7), 1071-1075.
Mamber et al., “Tubulin polymerization by paclitaxel (taxol) phos-
phate prodrugs after metabolic activation with alkaline phosphatase™,
J. Pharmacol. Exp. Ther. 1995, 274(2), 877-883.

Mandel et al., “Neuroprotective Strategies in Parkinson’s Disease:
An Update on Progress”, CNS Drugs 2003, 17(10), 729-762.
Marrel et al., “L.-Dopa esters as potential prodrugs 1. Physicochemi-
cal properties”, Eur. J. Med. Chem. 1985, 20(5), 459-465.

Marrel et al., “L-Dopa esters as potential prodrugs 2. Chemical and
enzymatic-hydrolysis”, Eur. J. Med. Chem. 1985, 20(5), 467-470.
Martin et al., “Das Diazo-chinon von PQQ) als mogliches Reagenz fur
die  Kartierung von  Chinoproteinen  mittels  Photoat-
finitatsmarkierung”, Helv. Chim. Acta 1993, 76(4), 1674-1677.
Martin et al., “Do structurally similar molecules have similar biologi-
cal activity?”, J. Med. Chem. 2002, 45(19), 4350-4358.
McConnaughie et al., “Novel Acrndine-Triazenes as Prototype
Combilexins: Synthesis, DNA Binding, and Biological Activity” J.
Med. Chem. 1995, 38(18), 3488-3501.

McLaughlin, “Suzuki-Miyaura Cross-Coupling of Benzylic Phos-
phates with Arylboronic Acids”, Org. Lett. 2005, 7(22), 4875-4878.
Medforth et al., “Nonplanar distortion modes for highly substituted
porphyrins”, J. Am. Chem. Soc. 1992, 114(25), 9859-9869.

Meltzer et al., “The synthesis of bivalent 2[3-carbomethoxy-33-(3,4-

dichloropheny1)-8-heterobicyclo[3.2.1]octanes as probes for proxi-
mal binding sites on the dopamine and serotonin transporters”,
Bioorg. Med. Chem. 2008, 16(4), 1832-1841.

Mergen et al., “Antiepileptic activity of 1,3-dihexadecanoylamino-
2-valproyl-propan-2-ol, a prodrug of valproic acid endowed with a
tropism for the central nervous system”, J. Pharm. Pharmacol. 1991,
43(11), 815-816.

Merisor et al., “Synthesis of New Derivatives in the 1zoxazole Class
with Potential Antimicrobial Activity”, Rev. Chim (Bucharest,
Romania) 2001, 52(4), 206-209.

Miao et al., “Benzamide derivatives as blockers of Kv1.3 10on chan-
nel”, Bioorg. Med. Chem. Lett. 2003, 13(6), 1161-1164.
Mikhaleva et al., “Expedient synthesis of 1-vinylpyrrole-2-
carbaldehydes™, Tetrahedron Lett. 2006, 47(22), 3693-3696.

Miki et al., “Synthesis of 3-Methoxyellipticine and Ellipticine by
Friedel-Crafts Reaction of Indole-2,3-dicarboxylic Anhydride and
Selective Demethylation™, Heterocycles 2005, 65(11), 2693-2703.
Milkiewicz et al., “Synthesis of a novel series of tetra-substituted
furan[3,2-b]pyrroles”, Tetrahedron Lett. 2003, 44(22), 4257-4260.
Mishra et al., “Synthesis, characterization and pharmacological
evaluation of amide prodrugs of ketorolac™, Eur. J. Med Chem. 2008,
43(11), 2464-2472.

Mokhallalat1 et al., A single-pot synthesis of 1,1,2-trisubstituted
1,2-dihydronaphthalenes in high enantiomeric purity”, Tetrahedron
Lett. 1994, 35(25), 4267-4270.

Montero et al., “Solid-Phase Combinatorial Synthesis of Peptide-
Biphenyl Hybrids as Calpain Inhibitors”, Org. Lett. 2004, 6(22),
4089-4092.

Morgan et al., “Synthesis of hydrocarbon-strapped porphyrins con-
taining quinone and phenolic groups™, J. Org. Chem. 1987, 52(24),
5364-5374.

Mork et al., “Stereoselective enzymatic hydrolysis of various ester
prodrugs of 1buprofen and flurbiprofen in human plasma”, Pharm.
Res. 1992, 9(4), 492-496.

Muchowski et al., “Protecting groups for the pyrrole and indole
nitrogen atom. The [2-(trimethylsilyl )ethoxy|methyl moiety. Lithia-
tion of 1-[[2-(trimethylsilyl)ethoxy|methyl]pyrrole™, J. Org. Chem.
1984, 49(1), 203-205.

Murakamui et al., “The Friedel-Crafts Acylation of Ethyl Pyrrole-2-
carboxylate. Scope, Limitations, and Application to Synthesis of
7-Substituted Indoles”, Heterocycles 1988, 27(8), 1855-1860.
Nacci et al., “Polycondensed Heterocycles. I. Synthesis of 11-Oxo-
5H,11H-pyrrolo[2,1-¢c][1.,4]benzothiazepine, Derivative of a Novel
Ring System™, J. Heterocycl. Chem. 1985, 22(2), 259-263.

Nacci et al., “Polycondensed Heterocycles. II. A New Preparative
Route to 11-Oxo-5H,11H-pyrrolo[2,1-c][1,4]benzothiazepine”, J.
Heterocycl. Chem. 1986, 23(3), 769-773.

Nagarathnam et al., “Design and Synthesis of Novel ala Adrenocep-
tor-Selective Dihydropyridine Antagonists for the Treatment of
Benign Prostatic Hyperplasia”, J. Med. Chem. 1998, 41(26), 5320-
5333.

Nagel et al., “Enantioselektive Katalyse, 4. Synthese N-substituierter
(R,R)-3,4-Bis(diphenylphosphino)-pyrrolidine and Anwendung
threr Rhodiumkomplexe zur asymmetrischen Hydrierung von
a-(Acylamino)acrylsaure-Derivaten”, Chem. Ber. 1986, 119(11),
3326-3343.

Narasimhan et al., “A QSAR approach for the prediction of stability
of benzoglycolamide ester prodrugs”, Chem. Pharm. Bull. 2006,
54(8), 1067-1071.

Nelson et al., “Stereoselective Synthesis of a Potent Thrombin Inhibi-
tor by a Novel P2-P3 Lactone Ring Opening”, J. Org. Chem. 2004,
69(11), 3620-3627.

New et al., ““The thieno[3,2-c]pyridine and furo[3,2-c]pyridine rings:
new pharmacophores with potential antipsychotic activity™, J. Med.
Chem. 1989, 32(6), 1147-1156.

Newman-Evans et al., “The influence of intramolecular dynamics on
branching ratios 1n thermal rearrangements”, J. Org. Chem. 1990,
55(2), 695-711.

Nielsen et al., “Bioreversible quaternary N-acyloxymethyl deriva-
tives of the tertiary amines bupivacaine and lidocaine—synthesis,
aqueous solubility and stability in buffer, human plasma and simu-

lated intestinal fluid”, Eur. J. Pharm. Sci. 2005, 24(5), 433-440.




US 8,669,291 B2
Page 7

(56) References Cited
OTHER PUBLICATIONS

Nielsen et al., “Glycolamide esters as biolabile prodrugs of
carboxylic acid agents: Synthesis, stability, bioconversion, and
physicochemical properties”, J. Pharm. Sci. 1988, 77(4), 285-298.
Nudelman et al., “Novel anticancer prodrugs of butyric acid. 2.7, J.
Med. Chem. 1992, 35(4), 687-694.

Nudelman et al., “The role of intracellularly released formaldehyde
and butyric acid in the anticancer activity of acyloxyalkyl esters.” J.
Med. Chem. 2005, 48(4), 1042-1054.

Ogawa et al., “Preparation of oxygen-bridged aza[l5]- and
aza[17]annulene dicarboxylates by intramolecular azide cycliza-
tion”, Tetrahedron Lett. 1988, 29(2), 219-222.

Onda et al., “Highly Enantioselective Reformatsky Reaction of
Ketones: Chelation-Assisted Enantioface Discrimination”, Org. Lett.
2002, 4(18), 3051-3054.

Ouyang et al., “Steric hindrance 1s a key factor in the coupling
reaction of (acyloxy) alkyl-a-halides with phenols to make a new
promoiety for prodrugs”, Tetrahedron Lett. 2002, 43(4), 577-579.
Paine et al., “Regioselectivity of pyrrole synthesis from diethyl
aminomalonate and 1,3-diketones: further observations”, J. Org.
Chem. 1987, 52(18), 3986-3993.

Parikh et al., “The Use of Amino Acid Oxidases for the Small-scale
Preparation of the Optical Isomers of Amino Acids”, J. Am. Chem.
Soc. 1938, 80(4), 953-958.

Paxeus et al., “Screening for non-regulated organic compounds in
municipal wastewater in Goteborg, Sweden”, Water Sci. Technol.
1996, 33(6), 9-15.

Perez-Balderas et al., “Synthesis of multivalent neoglycoconjugates
by 1,3 dipolar cycloaddition of nitrile oxides and alkynes and evalu-
ation of their lectin-binding affinities”, Tetrahedron 2005, 61(39),
9338-9348.

Pteiffer et al., “Synthesen and Eigenschaften von Pyrrolindigo-
Verbindungen”, Liebigs Ann. Chem. 1980(4), 564-589.

Poszavacz et al., “New Synthesis of Naratriptan™, Heterocycles 2006,
68(4), 713-719.

Puterova et al., “Reaction of Substituted Furan-2-carboxaldehydes
and Furo[b]pyrrole Type Aldehydes with Hippuric Acid”, Molecules
2004, 9(1), 11-21.

Puterova et al., “Reactions of Substituted Furan-2-carboxaldehydes
and Furo[b]pyrrole Type Aldehydes with Benzothiazolium Salts™,

Molecules 2004, 9(4), 241-255.

Quizon-Colquitt et al., “Porphyrins with exocyclic rings. Part 4. An
improved one step synthesis of cyclopenta[b]pyrroles”, .
Heterocycl. Chem. 1993, 30(2), 477-482.

Rautio et al., “Synthesis and 1n Vitro Evaluation of Novel
Morpholinyl- and Methylpiperazinylacyloxyalkyl Prodrugs of 2-(6-
Methoxy-2-naphthyl)propionic Acid (Naproxen) for Topical Drug
Delivery”, J. Med. Chem. 2000, 43(8), 1489-1494.

Rodriguez et al., “Conformational and molecular study of the 4-(2-
carboxyethyl)-1,2,3,4-tetrahydrocyclopent[b]indole”, Tetrahedron
1985, 41(18), 3813-3823.

Romanova et al., “DC Polarographic and UV Spectrometric Studies
of Substituted Furo[3,2-b]- and Furo[2,3-b]pyrroles”, Collect.
Czech. Chem. Commun. 2001, 66(11), 1615-1622.

Rosati et al., “Cephalosporins to carbapenems: 1-oxygenated
carbapenems and carbapenams.”, J. Med. Chem. 1990, 33(1), 291-
297.

Rose et al., “Preclinical antitumor activity of water-soluble paclitaxel
derivatives”, Cancer Chemother. Pharmacol. 1997, 39(6), 486-492.

Salim et al., “Pharmacokinetic analysis of esteric prodrugs of
valproic acid”, Pharm. Res. 1990, 7(9), S222.

Sambasivarao et al., “Synthetic approach to pentaleno[2,1-b:5,4-
b']diindoles”, J. Org. Chem. 1990, 55(12), 3858-3866.

Sandham et al., “Synthesis and biological properties of novel
glucocorticold androstene C-17 furoate esters™, Bioorg. Med. Chem.
2004, 12(19), 5213-5224.

Sandler et al., “Organic Functional Group Preparations”, vol. 3;
Academic Press: New York, 1972; pp. 372-381.

Satake et al., “The Reaction of Flectron Excess Aromatic Hetero-
cycle, 1,4-Dihydropyrrolo[3,2-b]pyrrole and Some Related Com-

pounds with Chlorosulfonyl Isocyanate (CSI)”, Heterocycles 1996,
43(11), 2361-2365.

Scott etal., “Preparation and Reductive Cyclization of Some Carbon-
Alkylated Derivatives of Ethyl 3-Nitro-2-thienylpyruvate”, J. Org.

Chem. 1964, 29(8), 2165-2168.
Sergievskaya et al., “N-Bis(chloroethyl)amines with Alicyclic and

Aromatic Radicals in the Molecules. I1.”, Zhurnal Obshcheir Khimii
1958, 28, 1845-1849. [translation].

Severin et al.,, “Umsetzungen von Ketonen mit azavinylogen
Saurcamiden”, Chem. Ber. 1975, 108(5), 1756-1767.

Sewald et al., “Synthesis of homochiral camphor annulated pyrrole
derivatives™, Tetrahedron Asymmetry 1996, 7(5), 1269-1272.

Sha et al., “Synthesis of 2,4-Dihydropyrrolo[3,4-b]pyrroles and 4,6-
Dihydro-2H-dipyrrolo[3,4-b:3".4'-d|pyrroles”, Heterocycles 1990,
31(4), 603-609,.

Shaaya et al., “Anhydride prodrugs for nonsteroirdal anti-inflamma-
tory drugs”, Pharm. Res. 2003, 20(2), 205-211.

Shek, “Chemical delivery systems and prodrugs of anticonvulsive
drugs”, Adv. Drug Deliv. Rev. 1994, 14(2-3), 227-241.

Shirai et al., “Reduction of 1-(m-methoxyphenyl)-4-
oxocycloalkanecarbonitriles with lithium aluminum hydride”,
Nagoya-shiritsu Daigaku Yakugakubu Kenkyu Nenpo 1969, 17,
33-37.

Shirar et al., “Synthesis of spiro[4-hydroxycyclohexane-1,4,2'3'-
dihydro-6'-methoxy- 1'-substituted-2'-methyl-1'H-1soquinoline]”,
Chem. Pharm. Bull. 1972, 20(1), 41-46.

Shvedov et al., “Monoarylhydrazones of di- and tricarbonyl com-
pounds 1n the Knorr synthesis of pyrroles”, Khimiya
Geterotsiklicheskikh Soedineni1 1972(3), 342-344. [translation].
Silvestr1 et al., “Simple, short peptide dervatives of a
sulfonylindolecarboxamide (L.-737,126) active 1n vitro against
HIV-1 wild type and variants carrying non-nucleoside reverse
transcriptase inhibitor resistance mutations.”, J. Med. Chem. 2004,
47(15), 3892-3896.

Sivy et al.,, “Structure of a furo[3,2-b]pyrrole derivative”, Acta
Crystallogr. 1988, C44(11), 2032-2033.

Skolnick et al., “Antidepressant-like actions of DOV 21,947: a
“triple” reuptake inhibitor”, Eur. J. Pharmacol. 2003, 461(2-3),
99-104.

Slawik et al., “Lipophilicity of a series of 1,2-benzisothiazol-3(2H)-
ones determined by reversed-phase thin-layer chromatography™, J.
Chromatogr. A 2002, 952(1-2), 295-299.

Sleath et al., “Synthesis of 7,9-didecarboxymethoxatin (4,5-dihydro-
4,5-dioxo-1H-pyrrolo[2,3-f]quinoline-2-carboxylic acid) and com-
parison of 1ts chemical properties with those of methoxatin and
analogous o-quinones. Model studies directed toward the action of
PQQ requiring bacterial oxidoreductases and mammalian plasma
amine oxidase”, J. Am. Chem. Soc. 1985, 107(11), 3328-3338.
Sleziak et al., “Furo[2,3-b]pyrrole Derivatives. Syntheses and Reac-
tions 1n the Furan and Pyrrole Ring », Pol. J. Chem. 2000, 74(2),
207-217,

Sleziak et al., “Reactions of Furo[2,3-b]pyrrole and Furo[3,2-b]pyr-
role-Type Aldehydes™, Collect. Czech. Chem. Commun. 1999, 64(7),
1135-1146.

Smith et al., “Deacylation and deformylation of pyrroles”, J. Org.
Chem. 1983, 48(24), 4779-4781.

Snyder et al., “Synthesis of the Thieno [3,2-b]pyrrole System™, J.
Am. Chem. Soc. 1957, 79(10), 2556-2559.

Sohma et al., “Controlled Drug Release: Design and Application of
New Water-soluble Prodrugs” in “Peptide Science 2001”; Aoyagi,
H., Ed.; The Japanese Peptide Society, 2002; pp. 249-252.
Sorotskaya et al., “The Series of Substituted Butanolides and
Butenolides. IV. 4-Arylidene(heteroarylidene)-2-butenolides™,
Zhurnal Organicheskor Khimii 1989, 25(1), 175-182. [translation].
Soth et al., “Recherches en serie heterocyclique. XXIX. Sur des voies
d’acces a des thieno, selenolo, furo et pyrrolopyrroles”, Can. J.
Chem. 1978, 56(10), 1429-1434.

Sparey et al., “The discovery of fused pyrrole carboxylic acids as
novel, potent d-amino acid oxidase (DAQ) inhibitors”, Bioorg. Med.
Chem. Lett. 2008, 18(11), 3386-3391.



US 8,669,291 B2
Page 8

(56) References Cited
OTHER PUBLICATIONS

STN Registry File No. 67268-37-5. Registry File. Retrieved from

STN 2008-03-17. One page.
Stuart et al., “Cobalt-mediated Alkylation of Siloxy Furans”, Hetero-

cycles 1991, 32(5), 949-963.
Svahn et al., ““Tranexamic acid dernivatives with enhanced absorp-

tion”, J. Med. Chem. 1986, 29(4), 448-453.

Takahashi et al., “Asymmetric o-Substituted Phenethylamines. I.
Synthesis of  Optically Pure  1-Aryl-N-(2'-hydroxy-1'-
1sopropylethyl)-2-phenylethylamines”, Chem. Pharm. Bull. 1982,

30(9), 3160-3166.
Tammara et al., “Morpholinoalkyl ester prodrugs of diclofenac: syn-

thesis, 1n vitro and 1n vivo evaluation™, J. Pharm. Sci. 1994, 83(5),
644-648.

Treibs et al., “Uber einige Pyrrolderivate mit angegliedertem
1socyclischem Ring. Bz-Tetrahydrindole and Cyclopentenopyrrole™,

Justus Liebigs Ann. Chem. 1935, 517, 152-169.
Trost et al., “Palladium-Catalyzed Enantioselective C-3 Allylation of

3-Substituted-1H-Indoles Using Tralkylboranes™, J. Am. Chem.
Soc. 2006, 128(19), 6314-6315.

Ueda et al., “Novel water soluble phosphate prodrugs of taxol®
possessing In vivo antitumor activity”, Bioorg. Med. Chem. Lett.
1993, 3(8), 1761-1766.

Ueda et al., “Novel, water-soluble phosphate derivatives of 2'-ethoxy
carbonylpaclitaxel as potential prodrugs of paclitaxel: Synthesis and
antitumor evaluation”, Bloorg. Med. Chem. Lett. 1995, 5(3), 247-
252,

Urbach et al., “Eine emnfache diastereoselektive Synthese von
(1SR,3SR,5SR)-2-Azabicyclo [3.3.0] octan-3-carbonsaure”, Tetra-
hedron Lett. 1985, 26(15), 1839-1842.

van Herk et al., “Pyrazole Derivatives as Partial Agonists for the
Nicotinic Acid Receptor”, J. Med. Chem. 2003, 46(18), 3945-3951.
Vicini et al., “Biological studies on 1,2-benzisothiazole derivatives. I.
Evaluation of antibacterial, antifungal and DNA-damaging activity™,
Farmaco 1989, 44(5), 511-517.

Vicini et al., “Sintesi e proprieta antiflogistiche antipiretiche ed
analgesiche di 5-(1,2-benzisotiazolil)tetrazoli”, Farmaco Sci. 1986,
41(2), 111-118.

Vicinl et al., “Sintesi e proprieta antiflogistiche antipiretiche ed
analgesiche di acidi 5-benzisotiazolilalcanoici e di loro derivati
funzional1”, Farmaco Sci. 1984, 39(10), 817-829.

Viswanathan et al., “Free Radical-Mediated Aryl Amination and Its
Use in a Convergent [3 + 2] Strategy for Enantioselective Indoline
o-Amino Acid Synthesis™, J. Am. Chem. Soc. 2003, 125(1), 163-168.
Vitali et al., “Ricerche nella <classe der fitocidi
3-benzisotiazolacetic1”, Farmaco Sci. 1973, 28(1), 8-18.

Vogel et al., “Cycloalkano-2H-pyrrole als stabile Zwischenstufen bel
der Umwandlung von [3-Cycloalkenyl-a-azidoacrylestern 1n
Cycloalkano-1H-pyrrole”, Angew. Chem. 1993, 105(7), 1116-1117.
Vogel et al., “Cycloalkano-2H-pyrrole as a Stable Intermediate in the
Conversion of  beta-Cycloalkenyl-alpha-azidoacrylates  to
Cycloalkano-1H pyrroles”, Angew. Chem. Int. Ed. Engl. 1993, 32(7),
1051-1052. [translation of Angew. Chem. 1993, 105(7), 1116-1117.].
Wang et al., “Synthesis of ethyl cyclopenteno- or cyclohexeno[b]pyr-
rolyl-2-carboxylates”, Youji1 Huaxue 1997, 17(6), 524-528.
Watanabe et al., “Enantioselective addition of chirally modified
allylboranes to N-(trimethylsilyl)benzaldehyde imine”, Tetrahedron
Asymmetry 1995, 6(7), 1531-1534.

Welch et al., “Improved Syntheses of [3,2-b]- and [2,3-b]-fused

Selenolo- and Thienopyrroles, and of Furo[3,2-b]pyrrole”,
Heterocycl. Comm. 1999, 5(4), 305-310.

Wen et al., “Cell differentiation enhancement by hydrophilic deriva-
tives of 4,8-Dihydrobenzo[1,2-b:5.,4-b'|dithiophene-4,8-diones 1n
HIL-60 leukemia cells”, Bioorg. Med. Chem. Lett. 2007, 17(10),
2908-2912.

Wensbo et al., “Indole-3-Acetic Acids and Hetero Analogues by One
Pot Synthesis including Heck Cyclisation”, Tetrahedron 1995,

51(37), 10323-10342.
Wensbo et al., “Indole-3-pyruvic acid oxime ethers and thieno ana-

logues by Heck cyclisation. Application to the synthesis of thia-
tryptophans™, Tetrahedron 1996, 52(47), 14975-14988.

Wernly-Chung et al., “Structure-reactivity relationships in the chemi-
cal hydrolysis of prodrug esters of nicotinic acid”, Int. J. Pharm.

1990, 63(2), 129-134.

West, A. R., “Solid State Chemustry and Its Applications”; Wiley:
New York, 1988; pp. 358 and 365.

Wright et al., “Dernivatives of 11-(1-piperazinyl)-5SH-pyrrolo[2,1-
c][1.,4]benzodiazepine as central nervous system agents”, J. Med.
Chem. 1980, 23(4), 462-465.

Xue et al., “An Efficient Synthesis of Glycoprotein IIb/IIla Inhibitor
DMP728. A Novel Synthesis of N.alpha.-Methylarginine-Contain-

ing Peptide”, J. Org. Chem. 1995, 60(4), 946-952.

Yardley et al.,, “2-Phenyl-2-(1-hydroxycycloalkyl)ethylamine
derivatives: synthesis and antidepressant activity”, J. Med. Chem.
1990, 33(10), 2899-2905.

Yarovenko et al., “Regioselective acylation of methyl 2-methyl-4H-
thieno[3,2-b]pyrrole-5-carboxylate”, Russ. Chem. Bull., Int. Ed.,
2003, 52(2), 451-456.

Yasuhara et al., “Prodrugs of 3-(3,4-dichlorobenzyloxy)-2-amino-6-
fluorobicyclo[3.1.0]Thexane-2,6-dicarboxylic acid (MGS0039). A
potent and orally active group II mGluR antagonist with antidepres-
sant-like potential”, Bioorg. Med. Chem. 2006, 14(12), 4193-4207.
Yevich et al., “Synthesis and biological evaluation of 1-(1,2-
benzisothiazol-3-yl)- and (1,2-benzisoxazol-3-yl)piperazine deriva-
tives as potential antipsychotic agents”, J. Med. Chem. 1986, 29(3),
359-369.

Yu et al, “The reglospecific C-4 lithiation of 2-(tert-
butyldimethylsilyl)-3-furoic acid”, J. Chem. Soc., Perkin Trans. 1,
1991(10), 2600-2601.

Yudina et al., “Synthesis and alkylation of indolo[3,2-b]carbazoles™,
Tetrahedron 2003, 59(8), 1265-1275.

Zanietal., “Biological studies on 1,2-benzisothiazole derivatives. V1.
Antimicrobial activity of 1,2-benzisothiazole and 1,2-
benzisothiazolin-3-one derivatives and of some corresponding 1,2-
benzisoxazoles”, Farmaco 1996, 51(11), 707-713.

Zaragoza Dorwald, F., “Side Reactions 1 Organic Synthesis™;
Wiley-VCH: Weinheim, 2005; pp. IX and 41.

Zhang et al., “Synthesize the china 3-pyridyl ester analogs of anad-
dicted analgesic Epibatidine”, Journal of Shangqiu Teachers College
(Shangqiu Shifan Xueyuan Xuebao) 2004, 20(5), 90-94.

Zhang et al., “Total synthesis of the porphyrin mineral abelsonite and
related petroporphyrins with five-membered exocyclic rings”, Tetra-
hedron Lett. 2003, 44(39), 7253-7256.

Zinoune et al., “Aminoalkylation of Aldehydes with Glyoxal N,N-
Dimethlmonohydrazone Yields Stable 4-Substituted Pyrrolin-3-
ones”’, Heterocycles 1989, 28(2), 1077-1084.

Zong et al., “A new and efficient synthetic route toward 3.,4-
alkylenedioxypyrrole (XDOP) derivatives via Mitsunobu chemis-
try”, Tetrahedron Lett. 2006, 47(21), 3521-3523.

Anderson et al., “Resolved 2-arylcyclohexylamines: effects on
reserpine akinesia and central nervous system monoamine synthe-
s18,” Fur. J. Med. Chem., 28:63-69 (1993).

Delgado et al., “Synthesis and conformational assignment of cis- and

frans-2-amino-1-arylcyclohexanols,” Can. J Chem., 63(11):3186-
3194 (1985).

* cited by examiner



U.S. Patent Mar. 11, 2014 Sheet 1 of 10 US 8,669,291 B2

FIGURE 1A




U.S. Patent Mar. 11, 2014 Sheet 2 of 10 US 8,669,291 B2

FIGURE 1B

15A . 1SR

Cl

Cl

16 A 16R




U.S. Patent

Mar. 11, 2014

FIGURE 1C

Sheet 3 of 10

17A

Cl

Ci

US 8,669,291 B2

17B

21A

22A

Cl

Cl

Ci

21B

228 |




U.S. Patent Mar. 11, 2014 Sheet 4 of 10 US 8,669,291 B2

FIGURE 1D

23A 23B




US 8,669,291 B2
50f 10

Mar. 11, 2014 Sheet

U.S. Patent

FIGURE 1E

-
Cl I

29




U.S. Patent

Activi

6000

5000

4000

000

2000

1000

Mar. 11, 2014

vehicle

Sheet 6 of 10

FIGURE 2

LR L L
I i s a=annnan]
T R Ty

e e e ol et et - .

L el -
wurn v 1. '
e all's phaiaty o L L ! _
I.I..'\.-‘\l P N AN :;'-'- - ; _”.. -'n'r .
e - - T
=i gy ] " --i--'----'-'_l'.l._F.

- PR I

Eomm me e aasEE SRR R

[
mamu :-:-' w‘_ L m = w _“-“._-n' L '-'-_'-'-'-'-.-i-._-._-‘_'l—_\._“—“
— ) ' Al = — - a7 LTTRENTETT T
e B o anwnn w
- . T Y T el e ate
- o o AeERE A RammmeEmEaNesss ‘weded '-'-":":":w
' ' e A - Lol e £ e g
- -t ' [ - SR

. W

R Tl T

. . T ":\-‘i:.w P ;-.J Aumngen pemss mzsma ax o
- P -—"r'\n+'+""'\'"'.:-mulu?:'” o

amma w mEmas e e T2 b —p——

AL L]
o e mmemm L

A oo g """u""u_. .I P

L mRR s eEEEEEmEmSEEETEr CE R .

. I s .

Tl i

A i Y1 S

nn, mEmmm N W . .
il L L Foaaa o
o, pnmmppmnnn e 0 } A mdmsnc
PR TETE- Ty Tl T I T A T T
-\ﬂ.m-\.-\.---l:h' - " .. 'am mmmemomm o )
- P L = '

) N R . e, e

- A, AR e J'-!--J'--”_ gy

A
- .J.anmﬂmﬁﬂ;‘.fﬂﬁ-“-""'r':"”ﬁ

e

ot by o '
?.ﬁpﬁaﬁii:"‘”‘w -\.mn"n-:hn-h-i-r-.*.' '!..-' -
L 5

n - ]

C - e
.- P um U UERESERE
..... . N

. .--\.-: praneveay- -2

———— - ot —
....... - ' - L;:\.:r:-\.:;:"b'h ;‘.'.}H'-E*. e

. : ER AR Tx AT
P r e JTMT R L ERFRFR

Wamnnajnan’ o
e wn  ARRRARREE, A
www® EEE 2 4. R

ML
I TR T a s oy s v iy salafiniaeiold .

- LA,
man un wnapnaw n WE
e ey T .- T

i W
IR o T s s s o il

au o omg '
Y- XY - - - T o s o e tninintestli ' -

- w- oo et T
e — 4 R o
LR e = e e e

.
. EETIEEERET T o IR
i Lot

- e W
,-,-,:_-,-,-,-,-Jl.-.-.-.-.-.-.l-..ll'-'-:-:-—'

A O

e W

IA'- =I = 1 1 I
s s s sl p*f,!irl-' aw o5 --n

.o mm

CLL L] - " om

. &

e
(13

= .

Mo
o
=2kl
<

il o

N =
FFRPRF. F

Compound 4 (mg/kg)

US 8,669,291 B2



U.S. Patent Mar. 11,2014  Sheet 7 of 10 US 8,669,291 B2

FIGURE 3

- -r-- v - ==
W T 7 e (o el Wl B wewn W T n
. Lol s e s el sl e T o'y e s ol il e el
anin um FETaT
e St sl
B T - ]
TR CRAOCTC TR AT TTT TR VT T
W W e e W e wer w
i e o
T R N - R - - M- W W W e
- 'ﬂ'sr'rr"n‘rn’-:n'f""rr'r'ﬂ"‘ﬂﬂ-rﬂ-rrﬂrr“ﬂ — gt
W wwE e neawes B W e, W e e T W
- =t bees ettt -t — — e -
R  a e w EE e W T s e——
b rrerer e T TR OC e TSR TR O ORTOTT 1 m T TR
R T T i e T Tt LL R
ek aakle's'y R e e o R TR oLl L by T L R
le'm '-'g:'h-'-'-":-h—r W W e
e e e e e R e e e e e e e e e R e R Ry & ¢
¥ v "' w amEm WE W adEn W
T Y ACTTTIOTTACTTACLT CThim -
W W R W R W e o -
ORT TR AT A T T
o WEY NEas W W iy an awwEEEE
et a F s rourorre e e ecna e o e —
w W W W e w— e —
A0 AAC A e e e e e CAACCUCA CT T AT L AT
W wndww CWEEWW R ® T Ha o
~orr e - TR T T — e -
T W W e W we .

TR G T AT e
an o - -

Time on Rotarod

vehicle

Compound 4



U.S. Patent

Time on Beam (sec)

Mar. 11, 2014

vehicle

FIGURE 4

LT e e e e e H
(e, e ol wW Wans  wwaE WEnas' . R T -
DO OO ST g VO — ' ' " o
AEm,, . mm WmwEmmm mnm - '
SN TR L "
nmxngn, s mn wan R T ]
IOOLLO O oD T gt T T o " m
" - N ol o
QO OO s T 1T m N n W
Angs 2l = smge spgfaEs Em omom wEE m

LN LInIRGIIn e '
memsaaeamansess 5 = s muErs @ om w b
S ou UL a0 Ao o 1

. = sy, mamn speEnmene W

=TT

o A T

smEms mEmg . mlE 8 m
alan oo g , nn
. Am mape mt . n
T T Y A T T L I ]
) — s m NEE AETE o m g C CXTL G
=l TETE ' BN T V] 1 LRl

A m » Lot Q007 0T
umo | omm - * amE R WA
L mpppnee w smmsEn . L] ST o ml SOOO0CTO0N COCON00NT
[EEE s 'n] - - n mmonods  ssmamEErEEEEEE N
A - - LI S N E N u N g
' LT - o " e o g EEEEE R R
ammam, m’ LI 1 Camm Lo 000 00 mh000

L
N
¥ -
B .= oo o 0o o
Lom " L mmamw
— m ee DL o DuO00O0L00L D
ER

.- .
TR "
. I BT Y LI.LI.LL.I.I.L--.IIU:U.D:U.LE:LU:L.LLD.U:I
T "aw t wmm RRRRE RR g E"':"
- - - N Sty § R I e TR AR o EE s I
. . LI R L (e LLLLL ]
1 - SRS T SR R IS ) NEERENE N N E N N RE R N )]
AT T [LLETS
" .1. .H.L--.M..-. u.-.l..t;. .uE-:q.En.-.n.-..-.n.-.n.-:-:u‘L-.-..n.-:q.-.u
. " TR W
.o [ IR TR R N (RN RE R SR N R RN NS
LR T B
- _--.:'.IEL.IS..L.LI.I:-.U.. (= Ll e T
- =g ALy i & -
A o b o llu o — '
T alRr- -y k- -y bl
e L ST v ol BT N I W T TE TR LN s T s TR LT
LI Lt B NANEE 8 mmmmEmemese u sms, wEsmEs [LLLTLTLT]
e o TN wlNE e THON o, [T T TN T PE R
i AL AR EEEEEEN N N SEmEEEE EEEAN W mEEEEE  ®
I s = nialiintcinteie's o A L M e
=" " f'&’ﬂ‘-l’!’ﬂ"‘ﬁ"!’!’"'ﬂﬂ’u"’ﬂ"‘""l’" mngmEn mm
w e o L L L
RS - P NN - -l - - -
T oMt e A A e e e e e e -
woan o wwwwwwnn t e Ml BRSO S e el
L e i et et S o e - - W
War W W man W W wwa” MwRa CRRSEOR
AT E T S e -l .- -
et n Wl — e R W W W W oaE AT ' n .
R v - = =
e e A e ) . -
T o S + - '
. e oW
e e e e e e e e — - - -
o — Cwar C Reeww W . .
=Xl s s aan e T — e = e -
O T S g e . .
= mmmmee e R e - -
wa'n ' Wel's wWans Wewwweas e sem " ¢ ow - -
o R T - A -
e .
- A T o ' - -
W W aNEEwEEEE R R R om W -
ARG T -—c -
FUT wm mmasEeEs o —
- Lm0 [
Rl o om .
J = T m T m
e .
oo '
[ T '
-—- .
' ' '
]
' ' Vo ma
- . —
. Voo
- - .

Sheet 8 of 10

Compound 4 (mg/kg)

US 8,669,291 B2

30




U.S. Patent Mar. 11,2014  Sheet 9 of 10 US 8,669,291 B2

FIGURE 5

vehicle e e
B Compound 4 10 mg/kg

¥k

ok 2 ok

3 K %

12

T T g [T - FERFEREEEE)
nar’ Wmm '@ mm m e, Eeas smmEasEnen
S AT ST TR s o T
= mpmmms oam o, w o memmaee w8,
ST ot M Ll |ﬂ'h'i'\_||q_q_|u_=u |=_|_
u
wwh ™ omm e W W om mmmmmamam waE w
T TR Y o T W
L) LU LY
CETT T ' eFegd T oggan oL
= an m om oEr mEm samdEEEsEEEE nEmEmEmeE
[ R R (e [ N =y N} [EE NN RN Y )
Lam o LLULTET TR
o nigagogs g
H
- A mm mmm e e, mmm, mmmmm
I " oo
et
Do g o
u mum ” L L A
S onn g

100

5

Time on Rotarod (sec)

§i i

2itL

Nt san=Tasannsssn
n e e Caadu

o3

(¥ - R R EEY - LY ROt R U WU S T S e
- P T R
:E:'\-"-:- - wans mesmem, 3 Anen, e
L T R PR PR R TIY. O PP 1Y -
Wn'l W smeseEss m , wWE sessspslmam wam
R IR I R I L I N R s = T T T I I}

.oEm, = om ualn snglanne sameess
TR T g Voo
e mn momom .'\.q,.-q,.c:::m-‘-l.“.'\.- mammmam
VR T e U0 e oo oo L
L A mEpmamp  m . meEe
B R T A e TE T e T )
suaslen mausueas ma man s oM memmammEmamaE E .8
ST g Do s oo
----.li.---.. EEE mEmm w . EmEE mmmem .
v

B e L T T T u -~
um m EEmgEEE Em, wm oW, aEm

mu.
[=RRE-TRNER RN EITT R

am vhan v Sy Say Jhan dheenm han han Sy S gy S g Ey S S S Ed ESh E Ehy Ea B B
- e SN A SN EEEE GEEE amas amas an-as auam dhan dhas deas e anas amaE aEaE EEEE EEASE SEEE AN W

vehicle vehicle

-DOPA (mg/kg)



U.S. Patent Mar. 11,2014  Sheet 10 of 10 US 8,669,291 B2

FIGURE 6

(R E R T

=lvehicle
Bl Compound 4 10 mg/kg

(- T

[a s N
g M

L .. AmeEEmmEas”

P L Y Y L L
on m ettt LA
LI T --
Tawww ocw
o

:‘h . amm m

P
e
ELTL]

————
T A
T e s n n = e e B e inieied
ELLTETEErTrT]

T Oy By rm e gy ey Sy W

w LA pmpnpa e e
[ e AL
", Emmmmddddddddddi s

T TR TR ]

Vamm ]

e e

T Y TR Y a2 o sl 52 alk & e sfalital

e o A W W W W

o e s 2522 kL ok N siin's DR
s m e, . S, e w R

ol T D

LT ]
. L o0y B nnsy
L 'lvF.l.ll.l.i'll.li.i.-l.-:.ﬁﬂll"A'
T TRRTEL L
am ap S, 08 mm wEmm
LI RN TR T
= r o
' " I
"l '

T R TELE L ",

e n.'\.'\!":'ﬂ""-"-"\.:“
L mmmpm ow W i
\

T T
R
fy -
.-
- CE L.
T T T - B T 'y ol et
 meEmmEs mmm e e e
s

Paw Placements

i B B e Y Y PRE [Lufi Ry e n e

A w wpmmenagmees T
e mr i wmmeen s

[ ]
A wmawuan . o

ER RN g = T
Lmmm ommomom

T W e

TR TR T = 5 1 1 siaiele e sl o}
T T T L

e e LA g
.\__,H_w“...._,_,q_q_ EEEEY N '\.-E-r'rr'":_

A . “aw
L oEmEER_ T

L

[N RN} -
' _h"_\_ R
- e M
AT T
ML T T R
am o ma g we

PR TR T
R

L]
- 1 -
B L

A on e . '
Y - YO N Y L T

L

oo
_-|+L|LL:.LU
o, mm
'_'_';;_mwm.n.m“wiﬂi--whﬂ;"‘
-t T S TV
e gmm L mm
e e e

% Successful Contralateral

T i Pk
Vgre.m  mAmmen mmme womew
b Voo gt an

= &, H
ar

SR I
A S-S I

[T T Y S

L-DOPA (mg/kg)



US 8,609,291 B2

1

PHENYL SUBSTITUTED
CYCLOALKYLAMINES AS MONOAMINE
REUPTAKE INHIBITORS

CROSS-REFERENCE TO RELAT
APPLICATIONS

s
w

This application claims priority to U.S. Provisional Patent
Application No. 60/941,242, filed on May 31, 2007/, the dis-

closure of which 1s incorporated herein by reference 1n 1ts
entirety for all purposes.

FIELD OF THE INVENTION

The 1nvention relates to compounds and compositions for
the treatment of neurological disorders.

BACKGROUND OF THE INVENTION

Psychiatric disorders are pathological conditions of the
brain characterized by identifiable symptoms that result in
abnormalities 1n cognition, emotion, mood, or aifect. These
disorders may vary 1n severity of symptoms, duration, and
functional impairment. Psychiatric disorders aftlict millions
ol people worldwide resulting 1n tremendous human suifer-
ing and economic burden due to lost productivity and depen-
dent care.

Over the past several decades, the use of pharmacological
agents to treat psychiatric disorders has greatly increased,
largely due to research advances in both neuroscience and
molecular biology. In addition, chemists have become
increasingly sophisticated at creating chemical compounds
that are more elflective therapeutic agents with fewer side
elfects, targeted to correct the biochemical alterations that
accompany mental disorders.

Yet, despite the many advances that have occurred, many
psychiatric diseases remain untreated or inadequately treated
with current pharmaceutical agents. In addition, many of the
current agents interact with molecular targets not mvolved
with the psychiatric disease. This indiscriminate binding can
result 1n side effects that can greatly influence the overall
outcome of therapy. In some cases the side effects are so
severe that discontinuation of therapy is required.

Depression 1s an affective disorder, the pathogenesis of
which cannot be explained by any single cause or theory. It1s
characterized by a persistently low mood or diminished inter-
ests in one’s surroundings, accompanied by at least one of the
following symptoms: reduced energy and motivation, diffi-
culty concentrating, altered sleep and appetite, and at times,
suicidal 1deation (American Psychiatric Association: Diag-
nostic and Statistical Manual of Mental Disorders, ed. 4.
Washington, American Psychiatric Association, 1994).
Major depression 1s associated with high rates of morbidity
and mortality, with suicide rates of 10-25% (Kaplan H 1,
Sadock B I (eds): Svropsis of Psychiatry. Baltimore, Will-
1ams & Wilkins, 1998, p. 866). Dual reuptake inhibitors may
also be used to reduce fatigue commonly associated with
depression (see, for example, “Bupropion augmentation 1n
the treatment of chronic fatigue syndrome with coexistent
major depression episode” Schonfeldt-Lecuona et al., Phar-
macopsychiatry39(4):152-4, 2006; “Dysthymia: clinical pic-
ture, extent of overlap with chronic fatigue syndrome, neu-

ropharmacological considerations, and new therapeutic
vistas” Brunello et al., J. Affect. Disord. 52(1-3):275-90,
1999; “Chronic fatigue syndrome and seasonal atfective dis-
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order: comorbidity, diagnostic overlap, and implications for
treatment” Terman et al., Am. J. Med. 105(3A):115S-1248,

1998.).

Depression 1s believed to result from dysfunction in the
noradrenergic or serotonergic systems, more specifically,
from a deficiency of certain neurotransmitters (N'T's) at func-
tionally important adrenergic or serotonergic receptors.

Neurotransmitters produce their effects as a consequence
of interactions with specific receptors. Neurotransmitters,
including norepinephrine (NE) and/or serotomin (3-hydrox-
ytryptamine, or 5-HT), are synthesized 1n brain neurons and
stored 1n vesicles. Upon a nerve impulse, NTs are released
into the synaptic cleft, where they interact with various
postsynaptic receptors. Regional deficiencies 1n the synaptic
levels of 5-HT and/or NE are believed to be involved in the
ctiology of depression, waketulness, and attention.

Norepinephrine 1s mvolved 1n regulating arousal, dream-
ing, and moods. Norepinephrine can also contribute to the
regulation of blood pressure, by constricting blood vessels
and increasing heart rate.

Serotonin (3-HT) 1s implicated in the etiology or treatment
of various disorders. The most widely studied effects of 5-HT
are those on the CNS. The functions of 5-HT are numerous
and include control of appetite, sleep, memory and learning,
temperature regulation, mood, behavior (including sexual
and hallucinogenic behavior), cardiovascular function,
smooth muscle contraction, and endocrine regulation.
Peripherally, 5-HT appears to play a major role in platelet
homeostasis and motility of the GI tract. The actions of 5S-HT
are terminated by three major mechanisms: diffusion;
metabolism; and reuptake. The major mechanism by which
the action of 3-HT 1s terminated i1s by reuptake through
presynaptic membranes. After 5-HT acts on 1ts various
postsynaptic receptors, it 1s removed from the synaptic cleft
back into the nerve terminal through an uptake mechanism
involving a specific membrane transporter 1n a manner simi-
lar to that of other biogenic amines. Agents that selectively
inhibit this uptake increase the concentration of 5-HT at the
postsynaptic receptors and have been found to be useful n
treating various psychiatric disorders, particularly depres-
$101.

Approaches to the treatment of depression over the years
have involved the use of agents that increase the levels of NE
and 5-HT, eitther by mhibiting their metabolism (e.g.,
monoamine oxidase inhibitors) or reuptake (e.g., tricyclic
antidepressants or selective serotonin reuptake inhibitors
(SSRIs)).

There are more than twenty approved antidepressant drugs
available 1n the United States. The classical tricyclic antide-
pressants (1CAs) currently available block primarily the
uptake of NE and also, to varying degrees, the uptake of 5-H'T,
depending on whether they are secondary or tertiary amines.
Tertiary amines such as imipramine and amitriptyline are
more selective mhibitors of the uptake of 5-HT than of cat-
echolamines, compared with secondary amines such as
desipramine.

Selective serotonin reuptake inhibitors have been investi-
gated as potential antidepressants. Fluoxetine (PROZAC®),
sertraline (ZOLOFT®), and paroxetine (PAXIL®) are three
examples of SSRIs currently onthe U.S. market. These agents
do not appear to possess greater eificacy than the TCAs, nor
do they generally possess a faster onset of action; however,
they do have the advantage of causing less side-efiects. Of
these three SSRIs, paroxetine 1s the most potent inhibitor of
5-HT uptake, fluoxetine the least. Sertaline 1s the most selec-
tive for 5-HT versus NE uptake, fluoxetine the least selective.
Fluoxetine and sertraline produce active metabolites, while
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paroxetine 1s metabolized to mnactive metabolites. The SSR1s,
in general, atfect only the uptake of serotonin and display
little or no affimity for various receptor systems including
muscarinic, adrenergic, dopamine, and histamine receptors.

In addition to treating depression, several other potential
therapeutic applications for SSRIs have been investigated.
They include treatment of Alzheimer’s disease, aggressive
behavior, premenstrual syndrome, diabetic neuropathy,
chronic pain, fibromyalgia, and alcohol abuse. For example,
fluoxetine 1s approved for the treatment of obsessive-compul-
stve disorder (OCD). Of particular significance 1s the obser-
vation that 5-HT reduces food consumption by increasing
meal-1nduced satiety and reducing hunger, without producing,
the behavioral eflects of abuse liability associated with
amphetamine-like drugs. Thus, there 1s interest 1in the use of
SSRIs 1n the treatment of obesity.

Venlataxine (EFFEXOR®) 1s a dual-reuptake antidepres-
sant that differs from the classical TCAs and the SSRIs
chemically and pharmacologically 1n that i1t acts as a potent
inhibitor of both 5-HT and NE uptake. Neither venlataxine
nor its major metabolite have a significant aflinity for adren-
ergic alpha-1 receptors. Venlafaxine possesses an efficacy
equivalent to that of the TCAs, and a benign side etlfect profile
similar to those of the SSRIs.

Dopamine 1s hypothesized to play a major role in psychosis
and certain neurodegenerative diseases, such as Parkinson’s
disease, where a deficiency in dopaminergic neurons 1s
believed to be the underlying pathology. Dopamine affects
brain processes that control movement, emotional response,
and ability to experience pleasure and pain. Regulation of DA
plays a crucial role in our mental and physical health. Certain
drugs 1increase DA concentrations by preventing DA
reuptake, leaving more DA 1n the synapse. An example 1s
methylphenidate (RITALIN®), used therapeutically to treat
childhood hyperkinesias and symptoms of schizophrenia.
Dopamine abnormalities are believed to underlie some of the
core attentional abnormalities seen 1n acute schizophrenics.

A therapeutic lag 1s associated with the use of these drugs.
Patients must take a drug for at least three (3) weeks before
achieving clinically meaningful symptom relief. Further-
more, a significant number of patients do not respond to
current therapies at all. For example, 1t 1s currently estimated

that up to thirty percent (30%) of clinically diagnosed cases of
depression are resistant to all forms of current drug therapy.

SUMMARY OF THE INVENTION

The present mvention relates to novel cycloalkylamines
and salts thereol. It also relates to novel pharmaceutical com-
positions, and their use in the treatment of disorders and
conditions. Exemplary indications for the compounds of the
invention include neurological disorders such as depression
(e.g., major depressive disorder, bipolar disorder), fibromy-
algia, pain (e.g., neuropathic pain), sleep apnea, attention
deficit disorder (ADD), attention deficit hyperactivity disor-
der (ADHD), restless leg syndrome, schizophrenia, anxiety,
obsessive compulsive disorder, posttraumatic stress disorder,
seasonal affective disorder (SAD), premenstrual dysphorna as
well as neurodegenerative disease (e.g., Parkinson’s disease,
Alzheimer’s disease). The compounds of the mvention are
also of use to treat or prevent obesity or to treat substance
abuse, dependency or addiction, including but not limited to
nicotine and cocaine abuse, dependency or addiction.

Hence, 1n a first aspect the invention provides a compound
having the formula:

10

15

20

25

30

35

40

45

50

55

60

65

(la)

(Ib)

wherein the index n 1s an integer selected from the group
consisting o1 0 to 2; and s 1s an integer selected from the group
consisting of 0 to 2. A 1s a member selected from the group
consisting of H, substituted or unsubstituted alkyl, halogen
and substituted or unsubstituted haloalkyl. X 1s a member
selected from the group consisting of H, halogen, substituted
or unsubstituted alkyl, substituted or unsubstituted aryl, sub-
stituted or unsubstituted haloalkyl and OR”, in which R’ is a
member selected from the group consisting of H, substituted

or unsubstituted alkyl, substituted or unsubstituted het-
croalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, acyl and S(O),R>%, in which R is
a member selected from the group consisting of substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl and substituted or unsubstituted heterocycloalkyl.

Y and 7Z are members independently selected from the
group consisting of halogen, CF,, CN, OR”, SR”, substituted
or unsubstituted alkyl, substituted or unsubstituted het-
croalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted hetero-
cycloalkyl, NR'"°R'" and NO,. R’ represents H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, or substituted or unsubstituted heterocycloalkyl.
The radicals R'” and R'' independently represent H, OR'?,
acyl, S(0),R", substituted or unsubstituted alkyl, substituted
or unsubstituted heteroalkyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl or substituted or
unsubstituted heterocycloalkyl. R'® and R, together with
the nitrogen to which they are attached, are optionally joined
to form a 3- to 7-membered ring, optionally having from 1 to
3 heteroatoms in addition to the nitrogen to which R' and R*!
are joined.

The symbol R'# is a member selected from H, substituted
or unsubstituted alkyl, substituted or unsubstituted het-
croalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl or substituted or unsubstituted het-
erocycloalkyl. R'> is a member selected from substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl and substituted or unsubstituted heterocycloalkyl.

Y and 7, together with the atoms to which they are
attached, are optionally joined to form a 5- to 7-membered
ring, which can optionally have from 1 to 3 heteroatoms
therein. As will be apparent to those of skill 1n the art, whenY
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and Z are joined into a ring, the substituents (e.g., R”, R'” and
R'") on atoms incorporated into the ring will be present (e.g.,
incorporated into the cyclic structure of the ring) or absent as
necessary to satisty the valence of the atom to which these
substituents are attached.

R' and R* are members independently selected from H,

halogen, CN, CF,, OR®, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl or
substituted or unsubstituted heterocycloalkyl. R® is a member
selected from H, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted aryl, substituted or unsubstituted heteroaryl or substi-
tuted or unsubstituted heterocycloalkyl.

R® and R* are members independently selected from H,
OR’, acyl, S(O),R®, substituted or unsubstituted alkyl, sub-
stituted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted aryl, substituted or unsubstituted heteroaryl or substi-
tuted or unsubstituted heterocycloalkyl. R’ is a member
selected from H, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted aryl, substituted or unsubstituted heteroaryl or substi-
tuted or unsubstituted heterocycloalkyl. R® is a member
selected from substituted or unsubstituted alkyl, substituted
or unsubstituted heteroalkyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl and substituted
or unsubstituted heterocycloalkyl.

Two or more of R, R*, R” and R*, together with the atoms
to which they are attached, are optionally joined to form a 3-
to 7-membered ring, which optionally includes from 1 to 4,
preferably from 1 to 3 heteroatoms.

Any pharmaceutically acceptable salt, solvate, enantiomer,
diastereomer, racemic mixture, enantiomerically enriched
mixture, and enantiomerically pure form of the above
described compounds falls within the scope of the invention.

In a second aspect, the invention provides a pharmaceutical
composition including a compound of the invention or a
pharmaceutically acceptable salt or solvate thereotf, and a
pharmaceutically acceptable carrier.

In a third aspect, the invention provides a method of inhib-
iting binding of a monoamine transporter ligand to a
monoamine transporter, such as serotonin transporter,
dopamine transporter and norepinephrine transporter. The
method mncludes contacting the monoamine transporter and a
compound of the invention. In an exemplary embodiment the
monoamine transporter ligand 1s a monoamine, such as sero-
tonin, dopamine and norepinephrine.

In a fourth aspect, the mvention provides a method of
inhibiting the activity of at least one monoamine transporter,
such as serotonin transporter, dopamine transporter and nore-
pinephrine transporter. The method includes contacting the
monoamine transporter and a compound of the invention.

In another aspect, the invention provides a method of inhib-
iting uptake of at least one monoamine, such as serotonin,
dopamine and norepinephrine, by a cell. The method includes
contacting the cell with a compound of the invention. In an
exemplary embodiment, the cell 1s a brain cell, such as a
neuronal cell or a glial cell.

In yet another aspect, the invention provides a method of
treating depression by inhibiting the activity at least one
monoamine transporter. The method includes administering,
to a mammalian subject a compound of the invention. In an
exemplary embodiment, the compound of the invention
inhibits the activity of at least two different monoamine trans-
porters. In another preferred embodiment, the mammalian
subject 1s a human.
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In a further aspect, the invention provides a method of
treating a neurological disorder. The method includes admin-
1stering to a subject in need thereot a therapeutically effective
amount of a compound of the invention or a pharmaceutically
acceptable salt or solvate thereof. In an exemplary embodi-
ment, the subject 1s a human.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 (A-G) 1s a table of exemplary compounds of the
invention.

FIG. 2 1s a graph showing effect of compound 4 on baseline
locomotor activity 1n the reserpinized rat.

FIG. 3 1s a graph showing eflect of compound 4 on rotarod
performance 1n the reserpimized rat.

FIG. 4 1s a graph showing effect of compound 4 on cata-
lepsy 1n the reserpinized rat.

FIG. 5 15 a graph showing combined compound 4 and low
dose L-DOPA rotarod performance as compared to high dose
L-DOPA.

FIG. 6 1s a graph showing the effect of combination of
L-DOPA and compound 4 in the 6-OHDA lesioned rat.

DETAILED DESCRIPTION OF THE INVENTION

I. Definitions

The term “alkyl,” by 1tself or as part of another substituent,
means, unless otherwise stated, a straight or branched chain,
or cyclic hydrocarbon radical, or combination thereof, which
may be fully saturated, unsaturated, e.g., mono- or polyun-
saturated and can include di- and multivalent radicals. Alkyl
radicals are optionally designated as having a number of
carbons within a stated range—1i.e., C,-C,, means a substi-
tuted or unsubstituted alkyl moiety having from one to ten
carbons. Examples of saturated hydrocarbon radicals include,
but are not limited to, groups such as methyl, ethyl, n-propyl,
1sopropyl, n-butyl, t-butyl, 1sobutyl, sec-butyl, homologs and
1somers of, for example, n-pentyl, n-hexyl, n-heptyl, n-octyl;
cyclic alkyl, e.g., cyclohexyl, (cyclohexyl)methyl, cyclopro-
pylmethyl, fused ring species including, e.g., fused
cycloalkyl (e.g., decalin) and the like. An unsaturated alkyl
group 1s one having one or more double bonds or triple bonds,
¢.g., “alkenyl” and “alkynyl”. Examples of unsaturated alkyl
groups include, but are not limited to, vinyl, 2-propenyl,
crotyl, 2-1sopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,
4-pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and
the higher homologs and 1somers. The term “alkyl,” unless
otherwise noted, 1s also meant to include those derivatives of
alkyl defined 1in more detail below, such as “heteroalkyl.”
Alkyl groups that are limited to hydrocarbon groups are
termed “homoalkyl”. Exemplary substituents found on *““sub-
stituted alkyl” moieties are set forth below.

The term “alkylene” by itself or as part of another substitu-
ent means a divalent radical derived from an alkane, as exem-
plified, but not limited, by —CH,CH,CH,CH,—, and further
includes those groups described below as “heteroalkylene.”
Typically, an alkyl (or alkylene) group will have from 1 to 24
carbon atoms, with those groups having 10 or fewer carbon
atoms being preferred 1n the present invention. A “lower

alky]l” or “lower alkylene” 1s a shorter chain alkyl or alkylene
group, generally having eight or fewer carbon atoms.

The terms “alkoxy,” “alkylamino” and “alkylth10” (or thio-
alkoxy) are used in their conventional sense, and refer to those
alkyl groups attached to the remainder of the molecule via an
oxXygen atom, an amino group, or a sulfur atom, respectively.
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The term “heteroalkyl,” by 1tself or 1n combination with
another term, means, unless otherwise stated, 1s a subgenus of
“alky]” as set forth above, a straight or branched chain, or
cyclic alkyl radical, or combinations thereot, saturated or
unsaturated alkyl radical consisting of a number of carbon
atoms (optionally stated) and at least one heteroatom, prefer-
ably selected from B, O, N, P, S1 and S, and wherein the
nitrogen and sulfur atoms may optionally be oxidized and the
nitrogen heteroatom may optionally be quaternized. The het-
eroatom(s) B, O, N, P, Siand S may be at any internal position
of the heteroalkyl group or at the position at which the het-
eroalkyl group 1s attached to the remainder of the molecule, or

at the antipodal terminus thereotf. Examples include, but are
not limited to, —CH,—CH,—0O—CH,, —CH,—CH,—

NH—CH,, —CH —CH —N(CH3) —CH,;, —CH S
CH,—CH,, —CH —CHE, —S(0O)—CH,, —CH, —CH -
S(0O),—CHj;, —CH=—/CH—0O—CH,, —Sl(CH3)3,
—CH,—C. {_N—OCH3, and —CH—CH-—N(CH;)—
CH,. Two or more heteroatoms may be consecutive, such as,
for example, —CH,—NH—OCH,; and —CH,—0—Si1
(CH,),. Siumilarly, the term “heteroalkylene™ by itself or as
part of another substituent means a divalent radical derived
trom heteroalkyl, as exemplified, but not limited by, —CH,—
CH,—S—CH,—CH,— and —CH,—S—CH,—CH,—
N,{ CH,— For heteroalkylene groups, heteroatoms can
also occupy elther or both of the chain termini (e.g., alkyle-
neoxy, alkylenedioxy, alkylencamino, alkylenediamino, and
the like). Still further, for alkylene and heteroalkylene linking
groups, no orientation of the linking group 1s implied by the
direction 1n which the formula of the linking group 1s written.
For example, the formula —CO,R'— optionally represents
both —C(O)OR'" and —OC(O)R".

The terms “cycloalkyl” and “heterocycloalkyl”, by them-
selves or 1n combination with other terms, represent, unless
otherwise stated, cyclic versions of “alkyl” and “heteroalkyl”,
respectively. Additionally, for heterocycloalkyl, a heteroatom
can occupy the position at which the heterocycle is attached to
the remainder of the molecule. Examples of cycloalkyl
include, but are not limited to, cyclopentyl, cyclohexyl, 1-cy-
clohexenyl, 3-cyclohexenyl, cycloheptyl, and the like.
Examples of heterocycloalkyl include, but are not limited to,
1-(1,2,5,6-tetrahydropyridyl), 1-pipenidinyl, 2-piperidinyl,
3-piperidinyl, 4-morpholinyl, 3-morpholinyl, tetrahydrotu-
ran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-yl, tetrahy-
drothien-3-yl, 1-piperazinyl, 2-piperazinyl, and the like.

The terms “halo” or “halogen,” by themselves or as part of
another substituent, mean, unless otherwise stated, a fluorine,
chlorine, bromine, or 10dine atom. Additionally, terms such as
“haloalkyl,” are meant to include monohaloalkyl and polyha-
loalkyl. For example, the term *“halo(C,-C,)alkyl” 1s mean to
include, but not be limited to, trifluoromethyl, 2,2,2-trifluo-
roethyl, 4-chlorobutyl, 3-br0mopr0pyl,, and the like.

The term “ary]” means, unless otherwise stated, a polyun-
saturated, aromatic, substituent that can be a single ring or
multiple rings (preferably from 1 to 3 rings), which are fused
together or linked covalently. “Aryl” species include struc-
tures that include aryl rings fused with cycloalkyl, heterocy-
cloalkyl and heteroaryl rings. The term “heteroaryl” 1s sub-
generic to “aryl” and refers to aryl groups that contain from
one to four heteroatoms, preferably selected from B, O, N, P,
S1and S, wherein the nitrogen and sulfur atoms are optionally
ox1dized, and the nitrogen atom(s) are optionally quaternized.
A heteroaryl group can be attached to the remainder of the
molecule through a heteroatom. Non-limiting examples of
aryl and heteroaryl groups include phenyl, 1-naphthyl,
2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl,
3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-ox-
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azolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-1s0x-
azolyl, 4-1soxazolyl, 5-1soxazolyl, 2-thiazolyl, 4-thiazolyl,
S-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl,
3-pyridyl, 4-pynidyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothia-
zolyl, purinyl, 2-benzimidazolyl, 5-indolyl, 1-1soquinolyl,
S-1soquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-qunolyl,
and 6-quinolyl. Substituents for each of the above noted aryl
and heteroaryl ring systems are selected from the group of
acceptable substituents described below.

For brevity, the term “aryl” when used to define a substitu-
ent (e.g., aryloxy, arylthioxy, arylalkyl) optionally 1ncludes
both aryl and heteroaryl rings as defined above. Thus, the term
“arylalkyl” 1s meant to include those radicals in which an aryl
group 1s attached to an alkyl group (e.g., benzyl, phenethyl,
pyridylmethyl and the like) including those alkyl groups in
which a carbon atom (e.g., a methylene group) has been
replaced by, for example, an oxygen atom (e.g., phenoxym-
cthyl, 2-pyridyloxymethyl, 3-(1-naphthyloxy )propyl, and the
like).

Each of the above terms (e.g., “alkyl,” “heteroalkyl,” “aryl”
and “heteroaryl”) are meant to include both substituted and
unsubstituted forms of the indicated radical. Preferred sub-
stituents for each type of radical are provided below.

Substituents for the alkyl and heteroalkyl radicals (includ-
ing those groups often referred to as alkylene, alkenyl, het-
eroalkylene, heteroalkenyl, alkynyl, cycloalkyl, heterocy-
cloalkyl, cycloalkenyl, and heterocycloalkenyl) are
generically referred to as “alkyl group substituents,” and they
can be one or more of a variety of groups selected from, but
not limited to: substituted or unsubstituted alkyl, substituted
or unsubstituted heteroalkyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted heterocycloalkyl, —OR', —0, —=NR/,
—N—OR'", —NR'R", —SR, -halogen, —SiR'R"R™, —OC
(O)R', —C(O)R', —CO,R'; —CONR'R", —OC(O)NR'R",
—NR"C(O)R', —NR'—C(ONR"R", —NR"C(O),R,
—NR—CNR'R"R")=NR"", —NR—C(NR'R")—=NR",
—S(O)R', —S(O)ER' —S(O)ZNR'R" —NRSO,R', —CN
and —NO, 1 a number preferably ranging from zero to
(2m'+1), where m' 1s the total number of carbon atoms in such
radical. R', R", R'™ and R"" each preferably independently
refer to hydrogen, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted aryl, e.g., aryl substituted with
1-3 halogens, substituted or unsubstituted alkyl, alkoxy or
thioalkoxy groups, or arylalkyl groups. When a compound of
the invention 1includes more than one R group, for example,
cach of the R groups 1s independently selected as are each R’
R", R" and R"" groups when more than one of these groups 1s
present. When R' and R" are attached to the same nitrogen
atom, they can be combined with the nitrogen atom to form a
5-, 6-, or 7-membered ring. For example, —NR'R" 1s meant to
include, but not be limited to, 1-pyrrolidinyl and 4-morpholi-
nyl. From the above discussion of substituents, one of skill in
the art will understand that the term “alkyl” 1s meant to
include groups including carbon atoms bound to groups other
than hydrogen groups, such as haloalkyl (e.g., —CF, and
—CH,CF;) and acyl (e.g., —C(O)CH,, —C(O)CF,, —C(O)
CH,OCH,, and the like).

Similar to the substituents described for the alkyl radical,
substituents for the aryl and heteroaryl groups are generically
referred to as “aryl group substituents.” The substituents are
selected from, for example: substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted heterocycloalkyl, —OR', —0O,
—NR', —=N—OR', —NR'R", —SR, -halogen, —S1R'R"R",
—OC(O)R'", —C(O)R', —CO,R', —CONR'R", —OC(O)
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NR'R", —NR"C(O)R', —NR'—C(O)NR"R"', —NR"C(O),
R', —NR—C(NR'R"R")=—=NR"",  —NR—C(NR'R")
—NR"', —S(O)R', —S(0),R', —S(O),NR'R", —NRSO,R",
—CN and —NO,, —R', —N,, —CH(Ph),, fluoro(C,-C,)
alkoxy, and fluoro(C,-C,)alkyl, in a number ranging from
zero to the total number of open valences on the aromatic ring
system; and where R', R", R" and R"" are preferably inde-
pendently selected from hydrogen, substituted or unsubsti-
tuted alkyl, substituted or unsubstituted heteroalkyl, substi-
tuted or unsubstituted aryl and substituted or unsubstituted
heteroaryl. When a compound of the invention includes more
than one R group, for example, each of the R groups 1s
independently selected as are each R', R", R" and R"" groups
when more than one of these groups 1s present.

Two of the substituents on adjacent atoms of the aryl or
heteroaryl ring may optionally be replaced with a substituent
of the formula -T-C(O)—(CRR'),—U—, wherein T and U
are mdependently —NR—, —O—, —CRR'— or a single
bond, and q 1s an integer of from O to 3. Alternatively, two of
the substituents on adjacent atoms of the aryl or heteroaryl
ring may optionally be replaced with a substituent of the
formula -A-(CH,) -D-, wherein A and D are independently
—CRR'"—, —O—, —NR—, —S—, —S(0O)—, —S(0),—,
—S(0O),NR'— or a single bond, and r 1s an integer of from 1
to 4. One of the single bonds of the new ring so formed may
optionally be replaced with a double bond. Alternatively, two
of the substituents on adjacent atoms of the aryl or heteroaryl
ring may optionally be replaced with a substituent of the
formula —(CRR") —X"—(CR"R™) —, where s and d are
independently integers of from O to 3, and X" 1s —O—,
—NR'—, —S—, —S(O)—, —S(0O),—, or —S(O),NR'—.
The substituents R, R', R" and R'"" are preferably indepen-
dently selected from hydrogen or substituted or unsubstituted
(C,-Cy)alkyl.

As used herein, the term “acyl” describes a substituent
containing a carbonyl residue, C(O)R. Exemplary species for
R 1nclude H, halogen, substituted or unsubstituted alkyl, sub-
stituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, and substituted or unsubstituted heterocycloalkyl.

Asused herein, the term “fused ring system™ means at least
two rings, wherein each ring has at least 2 atoms 1n common
with another ring. “Fused ring systems may include aromatic
(1.e., aryl or heteroaryl) as well as saturated or unsaturated
non aromatic rings (1.e., cycloalkyl, heterocycloalkyl).
Examples of “fused ring systems” are naphthalenes, indoles,
quinolines, chromenes, decalin and the like.

As used herein, the term “heteroatom™ includes oxygen
(O), nitrogen (N), sulfur (S), silicon (S1), boron (B), and
phosphorous (P).

The symbol “R” 1s a general abbreviation that represents an
“alkyl group substituent™ or “aryl group substituent” (e.g., a
substituent group that 1s selected from substituted or unsub-
stituted alkyl, substituted or unsubstituted heteroalkyl, sub-
stituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, and substituted or unsubstituted heterocycloalkyl
groups).

The phrase “therapeutically effective amount” as used
herein means that amount of a compound, or composition
comprising a compound of the present invention which 1s
cifective for producing some desired therapeutic effect (e.g.,
by mlibiting uptake of a monoamine from the synaptic cleft
of a mammal, thereby modulating the biological conse-
quences of that pathway 1n the treated organism) at a reason-
able benefit/risk ratio applicable to any medical treatment.

The phrase “pharmaceutically acceptable” 1s employed
herein to refer to those compounds, materials, compositions,
and/or dosage forms which are, within the scope of sound
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medical judgment, suitable for use 1n human beings and ani-
mals without excessive toxicity, irritation, allergic response,
or other problem or complication, commensurate with a rea-
sonable benefit/risk ratio.

The phrase “pharmaceutically acceptable carrier” as used
herein means any pharmaceutically acceptable material,
which may be liquid or solid. Exemplary carriers include
vehicles, diluents, additives, liquid and solid fillers, excipi-
ents, solvents, solvent encapsulating materials. Each carrier
must be “acceptable” 1n the sense of being compatible with
the other imngredients of the formulation and not mjurious to
the patient. Some examples of materials which can serve as
pharmaceutically-acceptable carriers include: (1) sugars,
such as lactose, glucose and sucrose; (2) starches, such as
corn starch and potato starch; (3) cellulose, and 1ts deriva-
tives, such as sodium carboxymethyl cellulose, ethyl cellu-
lose and cellulose acetate; (4) powdered tragacanth; (5) malt;
(6) gelatin; (7) talc; (8) excipients, such as cocoa butter and
suppository waxes; (9) oils, such as peanut o1l, cottonseed oil,
safflower o1l, sesame o1l, olive o1l, corn o1l and soybean o1l;
(10) glycols, such as propylene glycol; (11) polyols, such as
glycerin, sorbitol, mannitol and polyethylene glycol; (12)
esters, such as ethyl oleate and ethyl laurate; (13) agar; (14)
buifering agents, such as magnesium hydroxide and alumi-
num hydroxide; (15) alginic acid; (16) pyrogen-iree water;
(17) 1sotonic saline; (18) Ringer’s solution; (19) ethyl alco-
hol; (20) pH butfered solutions; (21) polyesters, polycarbon-
ates and/or polyanhydrides; and (22) other non-toxic compat-
ible substances employed 1n pharmaceutical formulations.

As set out above, certain embodiments of the present com-
pounds may contain a basic functional group, such as amino
or alkylamino, and are, thus, capable of forming pharmaceu-
tically acceptable salts with pharmaceutically acceptable
acids. The term “pharmaceutically acceptable salts” 1n this
respect, refers to the relatively non-toxic, inorganic and
organic acid addition salts of compounds of the present inven-
tion. These salts can be prepared in situ 1n the administration
vehicle or the dosage form manufacturing process, or by
separately reacting a purified compound of the invention 1n 1ts
free base form with a suitable organic or inorganic acid, and
1solating the salt thus formed during subsequent purification.
Representative salts include the hydrobromide, hydrochlo-
ride, sulfate, sulfamate, bisulfate, phosphate, nitrate, acetate,
valerate, oleate, palmitate, stearate, laurate, benzoate, lactate,
tosylate, citrate, maleate, ascorbate, palmitate, fumarate, suc-
cinate, tartrate, napthylate, mesylate, hydroxymaleate, phe-
nylacetate, glutamate, glucoheptonate, salicyclate, sulia-
nilate, 2-acetoxybenzoate, methanesulionate, ethane
disulfonate, oxalate, 1sothionate, lactobionate, and laurylsul-
phonate salts and the like. See, for example, Berge et al.
(1977) “Pharmaceutical Salts”, J. Pharm. Sci. 66:1-19.

The term “pharmaceutically acceptable salts” includes
salts of the active compounds which are prepared with rela-
tively nontoxic acids or bases, depending on the particular
substituents found on the compounds described herein. When
compounds of the present invention contain relatively acidic
functionalities, base addition salts can be obtained by con-
tacting the neutral form of such compounds with a sufficient
amount of the desired base, either neat or 1in a suitable 1nert
solvent. Examples of pharmaceutically acceptable base addi-
tion salts mclude sodium, potassium, calcium, ammonium,
organic amino, or magnesium salt, or a similar salt. When
compounds of the present mnvention contain relatively basic
functionalities, acid addition salts can be obtained by contact-
ing the neutral form of such compounds with a sufficient
amount of the desired acid, either neat or in a suitable 1nert
solvent. Examples of pharmaceutically acceptable acid addi-
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tion salts include those dertved from inorganic acids like
hydrochloric, hydrobromic, nitric, carbonic, monohydrogen-
carbonic, phosphoric, monohydrogenphosphoric, dihydro-
genphosphoric, sulfuric, monohydrogensuliuric, hydriodic,
or phosphorous acids and the like, as well as the salts derived
from relatively nontoxic organic acids like acetic, propionic,
isobutyric, maleic, malonic, benzoic, succimc, suberic,
fumaric, lactic, mandelic, phthalic, benzenesulionic, p-tolyl-
sulfonic, citric, tartaric, methanesulfonic, and the like. Also
included are salts of amino acids such as arginate and the like,
and salts of organic acids like glucuronic or galactunoric
acids and the like (see, for example, Berge et al., Journal of
Pharmaceutical Science, 66: 1-19 (1977)). Certain specific
compounds of the present invention contain both basic and
acidic functionalities that allow the compounds to be con-
verted 1nto either base or acid addition salts.

The neutral forms of the compounds are preferably regen-
erated by contacting the salt with a base or acid and 1solating
the parent compound in the conventional manner. The parent ¢
form of the compound differs from the various salt forms 1n
certain physical properties, such as solubility 1 polar sol-
vents, but otherwise the salts are equivalent to the parent form
of the compound for the purposes of the present invention.

In addition to salt forms, the present invention provides 25
compounds, which are 1n a prodrug form. Prodrugs of the
compounds described herein are those compounds that
readily undergo chemical changes under physiological con-
ditions to provide the compounds of the present invention.
Additionally, prodrugs can be converted to the compounds of
the present invention by chemical or biochemical methods in
an ex vivo environment. For example, prodrugs can be slowly
converted to the compounds of the present invention when
placed 1 a transdermal patch reservoir with a suitable
enzyme or chemical reagent.

Certain compounds of the present invention can exist in
unsolvated forms as well as solvated forms, including
hydrated forms. In general, the solvated forms are equivalent
to unsolvated forms and are encompassed within the scope of 49
the present invention. Certain compounds of the present
invention may exist in multiple crystalline or amorphous
forms. In general, all physical forms are equivalent for the
uses contemplated by the present invention and are intended
to be within the scope ol the present invention. “Compound or 45
a pharmaceutically acceptable salt or solvate of a compound”
intends the inclusive meaning of “or”, 1n that a material that 1s
both a salt and a solvate 1s encompassed.

Certain compounds of the present invention possess asym-
metric carbon atoms (optical centers) or double bonds; the 50
racemates, diastereomers, geometric 1somers and individual
isomers are encompassed within the scope of the present
invention. Optically active (R)- and (S)-1somers may be pre-
pared using chiral synthons or chiral reagents, or resolved
using conventional technmiques. When the compounds 55
described herein contain olefinic double bonds or other cen-
ters of geometric asymmetry, and unless specified otherwise,
it 1s intended that the compounds include both E and Z geo-
metric 1somers. Likewise, all tautomeric forms are also
intended to be included. 60

The graphic representations of racemic, ambiscalemic and
scalemic or enantiomerically pure compounds used herein
are taken from Maehr, J. Chem. Ed., 62: 114-120 (19835):
wavy lines indicate disavowal of any stereochemical 1mpli-
cation which the bond 1t represents could generate; solid and 65
broken wedges are geometric descriptors indicating the rela-
tive configuration shown but not implying any absolute ste-
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reochemistry; and wedge outlines and dotted or broken lines
denote enantiomerically pure compounds of indeterminate
absolute configuration.

The terms “enantiomeric excess” and “diasterecomeric
excess’ are used mterchangeably herein. Compounds with a
single stereocenter are referred to as being present in “enan-
tiomeric excess,’ those with at least two stereocenters are
referred to as being present 1n “diastereomeric excess.”

The compounds of the present invention may also contain
unnatural proportions of atomic 1sotopes at one or more of the
atoms that constitute such compounds. For example, the com-
pounds may be radiolabeled with radioactive 1sotopes, such
as for example tritium ("H), iodine-125 (**°1) or carbon-14
(**C). All isotopic variations of the compounds of the present
invention, whether radioactive or not, are intended to be
encompassed within the scope of the present invention.

The term “monoamine transporter ligand” refers to any
compound, which binds to a monoamine transporter. Ligands
include endogenous monoamines, which are the natural
ligands for a given monoamine transporter as well as drug
molecules and other compounds, such as synthetic molecules
known to bind to a particular monoamine transporter. In one
example, the ligand includes a radioisotope, such as tritium or
1s otherwise (e.g., fluorescently) labeled. It 1s within the abili-
ties of the skilled person to select an approprate ligand for a
given monoamine transporter. For example, known ligands
for the dopamine transporter include dopamine and
WIN35428, known ligands for the serotonin transporter
include 5-hydroxytryptamine (serotonin) and citalopram, and
ligands for the norepinephrine transporter include norepi-
nephrine and nisoxetine.

The term “eating disorder” refers to abnormal compulsions
to avoid eating or uncontrollable impulses to consume abnor-
mally large amounts of food. These disorders aflect not only
the social well-being, but also the physical well-being of
sulferers. Examples of eating disorders include anorexia ner-
vosa, bulimia, and binge eating.

The term “neurological disorder” refers to any condition of
the central or peripheral nervous system of a mammal. The
term “neurological disorder” includes neurodegenerative dis-
cases (e.g., Alzheimer’s disease, Parkinson’s disease and
amyotrophic lateral sclerosis), neuropsychiatric diseases
(e.g. schizophrenia and anxieties, such as general anxiety
disorder). Exemplary neurological disorders include MLS
(cerebellar ataxia), Huntington’s disease, Down syndrome,
multi-infarct dementia, status epilecticus, contusive mjuries
(e.g. spinal cord injury and head injury), viral infection
induced neurodegeneration, (e.g. AIDS, encephalopathies),
epilepsy, benign forgetiulness, closed head 1njury, sleep dis-
orders, depression (e.g., bipolar disorder), dementias, move-
ment disorders, psychoses, alcoholism, post-traumatic stress
disorder and the like. “Neurological disorder” also includes
any condition associated with the disorder. For instance, a
method of treating a neurodegenerative disorder includes
methods of treating loss of memory and/or loss of cognition
associated with a neurodegenerative disorder. An exemplary
method would also include treating or preventing loss of
neuronal function characteristic of neurodegenerative disor-
der. “Neurological disorder” also includes any disease or
condition that 1s implicated, at least 1n part, 1n monoamine
(e.g., norepinephrine) signaling pathways (e.g., cardiovascu-
lar disease).

“Pain” 1s an unpleasant sensory and emotional experience.
Pain classifications have been based on duration, etiology or
pathophysiology, mechanism, intensity, and symptoms. The
term “pain” as used herein refers to all categories of pain,
including pain that 1s described 1n terms of stimulus or nerve
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response, €.g., somatic pain (normal nerve response to a nox-
ious stimulus) and neuropathic pain (abnormal response of a
injured or altered sensory pathway, often without clear nox-
1ous mput); pain that 1s categorized temporally, e.g., chronic
pain and acute pain; pain that 1s categorized 1n terms of its
severity, e.g., mild, moderate, or severe; and pain that 1s a
symptom or a result of a disease state or syndrome, e.g.,
inflammatory pain, cancer pain, AIDS pain, arthropathy,
migraine, trigeminal neuralgia, cardiac i1schaemia, and dia-
betic peripheral neuropathic pain (see, e.g., Harrison’s Prin-
ciples of Internal Medicine, pp. 93-98 (Wilson et al., eds.,
12th ed. 1991); Williams et al., J. of Med. Chem. 42: 1481 -

1485 (1999), herein each incorporated by reference in their
entirety). “Pain’ 1s also meant to include mixed etiology pain,
dual mechanism pain, allodyma, causalgia, central pain,
hyperesthesia, hyperpathia, dysesthesia, and hyperalgesia.
“Somatic” pain, as described above, refers to a normal
nerve response to a noxious stimulus such as injury or 1llness,
¢.g., trauma, burn, infection, inflammation, or disease process
such as cancer, and 1ncludes both cutaneous pain (e.g., skin,
muscle or jomt derived) and wvisceral pain (e.g., organ

derived).

“Neuropathic pain” 1s a heterogeneous group of neurologi-
cal conditions that result from damage to the nervous system.
“Neuropathic” pain, as described above, refers to pain result-
ing from 1njury to or dysfunctions of peripheral and/or central
sensory pathways, and from dysfunctions of the nervous sys-
tem, where the pain often occurs or persists without an obvi-
ous noxious mput. This includes pain related to peripheral
neuropathies as well as central neuropathic pain. Common
types of peripheral neuropathic pain include diabetic neur-
opathy (also called diabetic peripheral neuropathic pain, or
DN, DPN, or DPNP), post-herpetic neuralgia (PHN), and
trigeminal neuralgia (TGN). Central neuropathic pain,
involving damage to the brain or spinal cord, can occur fol-
lowing stroke, spinal cord injury, and as a result of multiple
sclerosis. Other types of pain that are meant to be included 1n
the definition of neuropathic pain include pain from neuro-
pathic cancer pain, HIV/AIDS induced pain, phantom limb
pain, and complex regional pain syndrome. In an exemplary
embodiment, the compounds of the mvention are of use for
treating neuropathic pain.

Common clinical features of neuropathic pain include sen-
sory loss, allodymia (non-noxious stimuli produce pain),
hyperalgesia and hyperpathia (delayed perception, summa-
tion, and paintul aftersensation). Pain 1s oiten a combination
of nociceptive and neuropathic types, for example, mechani-
cal spinal pain and radiculopathy or myelopathy.

“Acute pain”, 1s the normal, predicted physiological
response to a noxious chemical, thermal or mechanical stimu-
lus typically associated with invasive procedures, trauma and
disease. It 1s generally time-limited, and may be viewed as an
appropriate response to a stimulus that threatens and/or pro-
duces tissue injury. “Acute pain”, as described above, refers to
pain which 1s marked by short duration or sudden onset.

“Chronic pain™ occurs 1n a wide range of disorders, for
example, trauma, malignancies and chronic inflammatory
diseases such as rheumatoid arthritis. Chronic pain usually
lasts more than about six months. In addition, the intensity of
chronic pain may be disproportionate to the intensity of the
noxious stimulus or underlying process. “Chronic pain”, as
described above, refers to pain associated with a chronic
disorder, or pain that persists beyond resolution of an under-
lying disorder or healing of an injury, and that 1s often more
intense than the underlying process would predict. It may be
subject to frequent recurrence.

10

15

20

25

30

35

40

45

50

55

60

65

14

“Inflammatory pain” 1s pain in response to tissue imjury and
the resulting inflammatory process. Inflammatory pain 1s
adaptive 1n that 1t elicits physiologic responses that promote
healing. However, inflammation may also affect neuronal
function. Inflammatory mediators, including PGE, induced
by the COX2 enzyme, bradykinins, and other substances,
bind to receptors on pain-transmitting neurons and alter their
function, increasing their excitability and thus increasing pain
sensation. Much chronic pain has an iflammatory compo-
nent. “Inflammatory pain™, as described above, refers to pain
which 1s produced as a symptom or a result of inflammation or
an immune system disorder.

“Visceral pain”, as described above, refers to pain which 1s
located 1n an internal organ.

“Mixed etiology™ pain, as described above, refers to pain
that contains both nflammatory and neuropathic compo-
nents.

“Dual mechanism” pain, as described above, refers to pain
that 1s amplified and maintained by both peripheral and cen-
tral sensitization.

“Causalgia”, as described above, refers to a syndrome of
sustained burning, allodynia, and hyperpathia after a trau-
matic nerve lesion, often combined with vasomotor and sudo-
motor dysiunction and later trophic changes.

“Central” pain, as described above, refers to pain initiated
by a primary lesion or dystunction in the central nervous
system.

“Hyperesthesia”, as described above, refers to increased
sensitivity to stimulation, excluding the special senses.

“Hyperpathia”, as described above, refers to a painful syn-
drome characterized by an abnormally paintul reaction to a
stimulus, especially a repetitive stimulus, as well as an
increased threshold. It may occur with allodynia, hyperesthe-
s1a, hyperalgesia, or dysesthesia.

“Dysesthesia”, as described above, refers to an unpleasant
abnormal sensation, whether spontaneous or evoked. Special
cases of dysesthesia include hyperalgesia and allodynia,

“Hyperalgesia™, as described above, refers to an increased
response to a stimulus that 1s normally painful. It retlects
increased pain on suprathreshold stimulation.

“Allodynmia™, as described above, refers to pain due to a
stimulus that does not normally provoke pain.

The term “pain’ includes pain resulting from dysfunction
of the nervous system: organic pain states that share clinical
features ol neuropathic pain and possible common patho-
physiology mechanisms, but are not mnitiated by an 1dentifi-
able lesion 1n any part of the nervous system.

The term “Diabetic Peripheral Neuropathic Pain” (DPNP,
also called diabetic neuropathy, DN or diabetic peripheral
neuropathy) refers to chronic pain caused by neuropathy
associated with diabetes mellitus. The classic presentation of
DPNP 1s pain or tingling 1n the feet that can be described not
only as “burning” or “shooting” but also as severe aching
pain. Less commonly, patients may describe the pain as itch-
ing, tearing, or like a toothache. The pain may be accompa-
nied by allodynia and hyperalgesia and an absence of symp-
toms, such as numbness.

The term “Post-Herpetic Neuralgia™, also called “Posther-
petic Neuralgia” (PHN), 1s a paintul condition affecting nerve
fibers and skin. It 1s a complication of shingles, a second
outbreak of the varicella zoster virus (VZV), which mitially
causes chickenpox.

The term “neuropathic cancer pain” refers to peripheral
neuropathic pain as a result of cancer, and can be caused
directly by infiltration or compression of a nerve by a tumor,
or indirectly by cancer treatments such as radiation therapy
and chemotherapy (chemotherapy-induced neuropathy).
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The term “HIV/AIDS peripheral neuropathy” or “HIV/
AIDS related neuropathy” refers to peripheral neuropathy

caused by HIV/AIDS, such as acute or chronic inflammatory
demyelinating neuropathy (AIDP and CIDP, respectively), as
well as peripheral neuropathy resulting as a side effect of
drugs used to treat HIV/AIDS.

The term “Phantom Limb Pain” refers to pain appearing to
come from where an amputated limb used to be. Phantom
limb pain can also occur 1n limbs following paralysis (e.g.,
tollowing spinal cord injury). “Phantom Limb Pain” 1s usu-
ally chronic 1n nature.

The term “Trigeminal Neuralgia” (TN) refers to a disorder
of the fifth cranial (trigeminal) nerve that causes episodes of
intense, stabbing, electric-shock-like pain 1n the areas of the
face where the branches of the nerve are distributed (lips,
eyes, nose, scalp, forehead, upper jaw, and lower jaw). It 1s
also known as the “suicide disease™.

The term “Complex Regional Pain Syndrome (CRPS),”
formerly known as Retlex Sympathetic Dystrophy (RSD), 1s
a chronic pain condition. The key symptom of CRPS 1s con-
tinuous, intense pain out of proportion to the severity of the
injury, which gets worse rather than better over time. CRPS 1s
divided into type 1, which includes conditions caused by
tissue 1njury other than peripheral nerve, and type 2, in which
the syndrome 1s provoked by major nerve injury, and 1s some-
times called causalgia.

The term “Fibromyalgia” refers to a chronic condition
characterized by diffuse or specific muscle, joint, or bone
pain, along with fatigue and a range of other symptoms.
Previously, fibromyalgia was known by other names such as
fibrositis, chronic muscle pain syndrome, psychogenic rheu-
matism and tension myalgias.

The term “convulsion™ refers to a neurological disorder
and 1s used interchangeably with “seizure,” although there are
many types of seizure, some of which have subtle or mild
symptoms 1nstead of convulsions. Seizures of all types may
be caused by disorganized and sudden electrical activity in
the brain. Convulsions are a rapid and uncontrollable shaking.
During convulsions, the muscles contract and relax repeat-
edly.

The term “depression” includes all forms of depression,
which include major depressive disorder (MDD), bipolar dis-
order, seasonal affective disorder (SAD) and dysthymia.
“Major depressive disorder” 1s used herein interchangeably
with “unmipolar depression” and “major depression. “Depres-
sion’” also icludes any condition commonly associated with
depression, such as all forms of fatigue (e.g., chronic fatigue
syndrome) and cognitive deficits.

I1. Introduction

One strategy to develop effective therapies for neurological
disorders 1s the use of broad spectrum antidepressants that
simultaneously inhibit the reuptake of more than one bio-
genic amine, such as serotonin (5-HT), norepinephrine (NE)
and dopamine (DA). The rationale for this approach 1s based
upon clinical and preclinical evidence showing that deficien-
cies 1n dopaminergic function can be correlated with anhe-
domia, which 1s a core symptom of depression. Baldessarini,
R. 1., “Drugs and the Treatment of Psychiatric Disorders:
Depression and Mania, in Goodman and Gilman’s The Phar-

macological Basis of Therapeutics 431-459 (97 ed 1996)
Hardman et al. eds.

An advantage of exemplary compounds and compositions

of the present invention 1s their ability to increase availability
of at least two neurotransmitters (e.g., NE, 5-HT and DA) by
inhibiting their dual (re)uptake, e.g., from the synaptic clett.
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Skolnick and coworkers report on a body of preclinical evi-
dence suggesting that the therapeutic profile of an antidepres-
sant concurrently increasing the synaptic availability of DA,
NE and 5-HT will differ from a compound inhibiting only NE
and/or 5-HT. Skolnick, P. et al., “Antidepressant-like actions
of DOV-21,947: a “triple” reuptake inhibitor,” Fur. J. Pharm.
2003, 461, 103.

For example, Skolnick and coworkers have reported that a
compound, DOV 21,947 ((+)-1-(3,4-dichlorophenyl)-3-
azabicyclo[3.1.0]hexane), inhibits the reuptake of serotonin,
norepinephrine, and dopamine 1n human embryonic kidney
(HEK293) cells expressing the corresponding human recom-

binant transporters (IC., values of 12, 23 and 96 nM, respec-
tively). Skolnick, P. et al., “Antidepressant-like actions of

DOV-21,94"7: a “tniple” reuptake imnhibitor,” Fur. J. Pharm.
2003, 461, 99. In addition, DOV 21,947 reduces the duration
of immobility 1n the forced swim test (in rats) and also pro-
duces a dose-dependent reduction 1n 1mmobility 1n the tail
suspension test. Additional evidence can be found in preclini-
cal data for new triple reuptake inhibitors such as DOV
21,947 1n, e.g., U.S. Pat. No. 6,372,919, wherein DOV 21,947
was disclosed as having a significantly greater affinity for the
norepinephrine and serotonin uptake sites than the racemic
compound, (x)-1-(3,4-dichlorophenyl)-3-azabicyclo[3.1.0]
hexane.

Taken together, the preclimical data for compounds such as
DOV 21,9477 indicate that dual or triple reuptake inhibitors
hold potential as novel treatments for depression in the clinic.

III. Compositions

A. Cycloalkyl Amines

In an exemplary embodiment, the mvention provides a
compound having the formula:

O
S |
Y

R3
/
(CR'R?),—N
\
A R*

wherein the index n 1s an integer selected from the group
consisting o1 0, 1 and 2; and s 1s an integer selected from the
group consisting o1 0, 1 and 2. A 1s amember selected from H,
substituted or unsubstituted alkyl, halogen and substituted or
unsubstituted haloalkyl. X 1s selected from H, halogen, sub-
stituted or unsubstituted alkyl, substituted or unsubstituted
aryl, substituted or unsubstituted haloalkyl and OR”, in which
R” is selected from H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl,
acyl and S(O),R>%, in which R>“ is selected from substituted
or unsubstituted alkyl, substituted or unsubstituted het-
croalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl and substituted or unsubstituted het-
erocycloalkyl.

Y and Z independently represent H, halogen, CF;, CN,
OR”, SR”, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsub-
stituted heterocycloalkyl, NR'“R'! or NO,.Y and Z, together

with the atoms to which they are attached, are optionally
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joined to form a 5- to 7-membered ring, which can optionally
have 1, 2 or 3 heteroatoms therein. R” represents H, substi-
tuted or unsubstituted alkyl, substituted or unsubstituted het-

croalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, or substituted or unsubstituted het-
erocycloalkyl. The radicals R'® and R'' independently repre-
sent H, OR?, acyl, S(O),R°, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl or
substituted or unsubstituted heterocycloalkyl. R'® and R'',
together with the nitrogen to which they are attached, are
optionally joined to form a 3-, 4-, 5-6- or 7-membered ring,
optionally having 1, 2 or 3 heteroatoms in addition to the
nitrogen to which R'” and R are joined. The symbol R'?
represents H, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl or substituted or
unsubstituted heterocycloalkyl. R'® is selected from substi-
tuted or unsubstituted alkyl, substituted or unsubstituted het-
croalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl and substituted or unsubstituted het-
erocycloalkyl.

R' and R” are independently H, halogen, CN, CF,, OR®,
substituted or unsubstituted alkyl, substituted or unsubsti-
tuted heteroalkyl, substituted or unsubstituted aryl, substi-
tuted or unsubstituted heteroaryl or substituted or unsubsti-
tuted heterocycloalkyl. R® is selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl and substituted or unsubstituted heterocycloalkyl.

R” and R* independently represent H, OR’, acyl, S(O),R®,
substituted or unsubstituted alkyl, substituted or unsubsti-
tuted heteroalkyl, substituted or unsubstituted aryl, substi-
tuted or unsubstituted heteroaryl or substituted or unsubsti-
tuted heterocycloalkyl. R’ is H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl or
substituted or unsubstituted heterocycloalkyl. R® is a member
selected from substituted or unsubstituted alkyl, substituted
or unsubstituted heteroalkyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl and substituted
or unsubstituted heterocycloalkyl.

Two or more of R, R*, R” and R*, together with the atoms
to which they are attached, are optionally joined to form a 3-,
4-, 5-, 6- or 7-membered ring, which optionally includes 1, 2,
3 or 4 heteroatoms.

Y and Z, together with the atoms to which they are
attached, are optionally joined to form a 5-, 6- or 7-membered
ring, which can optionally have 1, 2 or 3 heteroatoms therein.
As will be apparent to those of skill in the art, whenY and Z
are joined into a ring, the substituents (e.g., R”, R'® and R'")
on atoms incorporated into the ring will be present (e.g.,
incorporated mto the cyclic structure of the ring) or absent as
necessary to satisty the valence of the atom to which these
substituents are attached.

In an exemplary embodiment, Y and Z independently rep-
resent halogen, CF,, CN, OR”, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted heterocycloalkyl, NR'"R'! and
NO,. Y and Z, together with the atoms to which they are
attached, are optionally joined to form a 5-, 6- or 7-membered
ring, which can optionally have 1, 2 or 3 heteroatoms therein.

In an exemplary embodiment, the compound of the inven-
tion does not have a structure according to the following
formulae:
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OCHj,
OH
CH,
N
H
CH3;
OH
OH
CH,
/
N
H
CHs;
OCHj,
OH
H
/
N
7\
CHg;
OCHj;
OH
CH3,
/
N
H \
H
OH
OH
H
/
N
H
CHg;

OH
Ol
CH;: and
/
N
H \
H

(1)

(11)

(iii)

(1v)

(vi)
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-continued
(vii)
OH
OH

H

/

N

H \
H.

In another exemplary embodiment, the compound does not
have a structure according to the following formula:

(viii)

OCHj;

(1)

(x)

(x1)
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-continued
(xii)

OH

(xiii)

and

(X1V)

OH

In an exemplary embodiment, the compound has a struc-
ture such that when either Y or Z is H, then R” is other than a
member selected from H and substituted or unsubstituted
alkyl. In an exemplary embodiment, the compound has a
structure such that when either Y or Z is H, then R” is other
than a member selected from H and unsubstituted alkyl. In an
exemplary embodiment, the compound has a structure such
that when either Y or Z is H, then R” is other than a member
selected from H, methyl and ethyl.

In an exemplary embodiment, the compound has a struc-
ture such that R” is other than a member selected from H and
substituted or unsubstituted alkyl. In an exemplary embodi-
ment, the compound has a structure such that R” is other than
a member selected from H and unsubstituted alkyl. In an
exemplary embodiment, the compound has a structure such
that R is other than a member selected from H, methyl and
cthyl.

In various exemplary embodiments, the index s 1s 1. In an
exemplary embodiment, the index n 1s 1. In various embodi-
ments, both s and n are 1.

In an exemplary embodiment, Y and Z are independently
selected from H, halogen, CN and CF;. In various embodi-
ments, at least one of Y and Z 1s other than H. In exemplary
embodiments, both'Y and Z are other than H.

In an exemplary embodiment, R®> and R* are members
independently selected from substituted or unsubstituted
C,-C, alkyl and substituted or unsubstituted C,-C, het-
eroalkyl. In an exemplary embodiment, R and R* are mem-
bers idependently selected from the group consisting of
substituted or unsubstituted alkenyl, substituted or unsubsti-
tuted alkynyl and substituted or unsubstituted cycloalkyl.

In various embodiments, the compounds of the mnvention
have a structure which 1s a member selected from the group
consisting of:
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(la)

N
R* and

(Ib)

In selected embodiments, the compounds of the mnvention
have a structure selected from Formulae 11 and Ila:

(1)

R3
/
(CRIR?),—N
\
A R* and
(I1a)
7
R3
Y /
(CR'IR?);—N
\
A R*

Exemplary compounds according to Formulae II and Ila
include:

(ITb)
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-continued
(Ile)

= /
' /(CRIRZ)S—N
\
*r;% R4;
o
. (111)
R3
Y /
W(CR'RH)—N
o \
A R*  and
, (llg)
R3
/
(CRIR%),—N
\
R*

In an exemplary embodiment, Y and Z are members indepen-
dently selected from the group consisting of H, halogen, CN
and CF;. In an exemplary embodiment, Y and Z are halogen.
In an exemplary embodiment, Y and Z are chloro. In an
exemplary embodiment, s 1s 1. In an exemplary embodiment,
nis 1. In an exemplary embodiment, R' and R* are H. In an
exemplary embodiment, A 1s H. In another exemplary
embodiment, R' and R* are H, and A is H.

In selected embodiments, the compounds of the invention
have a structure selected from Formulae 111 and Illa:

(I1T)

/7
VIR
4 R R*

(I11a)
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Exemplary compounds according to Formulae 111 and I1la
include:

(I1Ib)

(Ille)

(I1If)

(Illg)

In an exemplary embodiment, Y and Z are members inde-
pendently selected from the group consisting of H, halogen,
CN and CF;. In an exemplary embodiment, Y and Z are
halogen. In an exemplary embodiment, Y and Z are chloro. In
an exemplary embodiment, s 1s 1. In an exemplary embodi-
ment, n is 1. In an exemplary embodiment, R' and R* are H.
In an exemplary embodiment, A 1s H. In another exemplary

embodiment, R' and R* are H, and A is H.

In an exemplary embodiment, the compound has a struc-
ture according to Formula (IV):

(IV)

X R’
/
(CRIR?),—N
\
A R*

1

wherein Y and Z are independently selected halogens. In an
exemplary embodiment, the compounds have a structure
according to:
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(IVa)
7
Y
X R
& /
W(CR'R?);—N
(o \
A R
(IVb)
7
Y
R3
/
(CR'R*),—N
\
KN R*.

In an exemplary embodiment, the compounds have a struc-
ture according to:

(IVa)
7
Y
X R’
§ /
N WMCRIRH)—N
ot \
A R* and
(IVb)
7
Y
R3
/
(CRIR?)—N
\
R*

In another embodiment, Y 1s a member selected from F and
Cl. In another embodiment, Z 1s a member selected from F
and Cl. In another embodiment, Y 1s Cl and Z 1s Cl. In another

embodiment, Y 1s F and Z 1s Cl. In another embodiment, Y 1s
Cland Z 1s E.

In an exemplary embodiment, the compound has a struc-
ture according to Formula (V):

(V)
/.

X R7
/
CH,—N
\ 4
A R



US 8,609,291 B2

25

wheremn Y and Z are independently selected halogens. In an
exemplary embodiment, the compounds have a structure
according to:

(Va)
Y
(Vb)
Z
Y
3
., ‘ X /R
/4/ cRTR
KN R

In an exemplary embodiment, the compounds have a struc-
ture according to:

(Va)

(Vb)

In another embodiment, Y 1s a member selected from F and
Cl. In another embodiment, Z 1s a member selected from F
and Cl. In another embodiment, Y 1s Cl and Z 1s Cl. In another

embodiment, Y 1s F and Z 1s Cl. In another embodiment, Y 1s
Cland Z 1s F.
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An exemplary compound of the invention has the formula:

(Ve)
/CH3 and
N
\R \
(V1)

Cl
Cl

in which R* is either H or CH,.
In an exemplary embodiment, the compound has a struc-
ture according to Formula (VI):

(VD)

X R
/
(CR'R?),—N
\
F R

In another exemplary embodiment, the compound having
this structure has at least one member selected from Y and Z
which 1s a halogen. In another exemplary embodiment, Y and
/. are halogen. In another embodiment, Y 1s a member
selected from F and Cl. In another embodiment, 7 1s a mem-
ber selected from F and CIl. In another embodiment, Y 1s Cl
and Z 1s Cl. In another embodiment, Y 1s F and Z 1s Cl. In
another embodiment, Y 1s Cl and Z 1s F.

In an exemplary embodiment, the compound has a struc-

ture according to Formula (VII):

(VID)

X R’
/
(CR!R?),—N
\
A R*

e

wherein Y and Z are not H and A 1s a member selected {from
substituted or unsubstituted alkyl. In another exemplary
embodiment, the compound having this structure has at least
one member selected from Y and Z which 1s a halogen. In
another exemplary embodiment, Y and Z are halogen. In
another embodiment, Y 1s a member selected {from F and Cl.
In another embodiment, 7 1s a member selected {from F and
Cl. In another embodiment, Y 1s Cl and Z 1s Cl. In another
embodiment, Y 1s F and Z 1s Cl. In another embodiment, Y 1s
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Cl and Z 1s F. In an exemplary embodiment, A 1s substituted
or unsubstituted methyl. In an exemplary embodiment, A 1s
methyl.

In an exemplary embodiment, the compound has a struc-
ture according to Formula (VIII):

(VIIT)

X R’
/
(CRIR?),—N
\
A R*

H

wherein Y and Z are not H and R> and R* are each indepen-
dently selected from H and substituted or unsubstituted alkyl.
In another exemplary embodiment, R® and R* are each inde-
pendently selected from H and substituted or unsubstituted
methyl. In another exemplary embodiment, R> and R* are
cach independently selected from H and methyl. In another
exemplary embodiment, the compound having this structure
has at least one member selected from Y and Z which 1s a
halogen. In another exemplary embodiment, Y and Z are
halogen. In another embodiment, Y 1s a member selected
from F and Cl. In another embodiment, 7Z 1s a member
selected from F and Cl. In another embodiment, Y 1s Cl and Z
1s Cl. In another embodiment, Y 1s F and Z 1s Cl. In another

embodiment, Y 1s Cl and Z 1s F.
Exemplary compounds of the mvention have a structure

according to the following formulae:

(IXa)
R3
/
WCRIRH)—N
ot \
R4,
(IXb)
—AZ
f | \<A1>
Al i
R3
/
(CR'R%),—N
\
R4

in which A", A®, A® and A* are each independently selected
from O, S, N(R”),, and C(R”), (R). The index a is an integer
selected from O, 1 and 2. The index b 1s 0 or 1 as needed to
satisty the valence requirements of the atom to which 1t 1s
attached. R” and R° are members independently selected from
H, halogen, CF,, CN, OR'* SR'* NR"R'°, NRISS(O)gRMj
NR"™C(O)R"*, S(O),R", acyl, C(O)OR"™, C(ONR"R'®,
S(0O),NR™R"'®, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted aryl, substituted or unsubstituted heteroaryl and substi-
tuted or unsubstituted heterocycloalkyl. Each R**, R*> and
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R ' is a member independently selected from the group con-
sisting of H, acyl, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted aryl, substituted or unsubstituted heteroaryl, substituted
or unsubstituted heterocycloalkyl, wherein two of R'*, R'>
and R'°, together with the atoms to which they are attached,
are optionally joined to form a 3-, 4-, 5-, 6- or 7-membered

ring, which optionally includes 1, 2 or 3 heteroatoms.
In an exemplary embodiment, R® and R¢ are members

independently selected from the group consisting of H, halo-
gen, CN, halogen substituted C,-C, alkyl (e.g., CF;) and
C,-C, alkoxy (e.g., OMe, OEt, OCF,).

In an exemplary embodiment, Y and Z are joined to form a
fused ring system having 5, 6 or 7 members and, optionally
including 1, 2 or 3 heteroatoms. Hence, 1n one embodiment,
the phenyl ring substituent has the structure:

in which, ring L 1s substituted or unsubstituted, saturated or
unsaturated cycloalkyl or heterocycloalkyl, or 1t 1s substituted
or unsubstituted aryl or heteroaryl.

An exemplary fused ring structure 1s:

AE

ff" al,

A4
\‘ AN
/

in which A, A%, A° and A™ and a are described herein.

The compounds of the invention include an amine moiety
(e.g., a primary, secondary or tertiary amino group) and as
such can be converted into a salt form by contacting the
compound (e.g., the free base) with an acid. In an exemplary
embodiment, the salt form 1s generated to convert an other-
wise o1ly or viscous compound into a solid substance for
casier handling. In another exemplary embodiment, convert-
ing the free base of a compound of the invention into a
corresponding salt increases solubility of the compound 1n
aqueous media, which can effect biological characteristics,
such as bioavailability, pharmacokinetics and pharmacody-
namics. Hence, any salt forms, such as pharmaceutically
acceptable salts, including salts of inorganic acids (e.g.,
hydrochloride salts) or organic acids, of the compounds of the
invention are within the scope of the current invention. Also
within the scope of the mvention are any prodrugs of the
compounds of the invention. For example, R® and R* can be
any group, which 1s cleavable 1n vivo to result 1n an amine,
¢.g., a primary or secondary amine.

B. Compositions Including Stereoisomers

The compound of the mvention can include one or more
stereocenter and may exist in particular geometric or stereoi-
someric forms. Compounds can be chiral, racemic or be
present 1n a composition including one or more stereoisomer.
The current invention encompasses enantiomers, diastere-
omers, racemic mixtures, enantiomerically enriched mix-
tures, and diastereomerically enriched mixture. Additional
asymmetric carbon atoms may be present in a substituent
such as an alkyl group. All such 1somers, as well as mixtures
thereof, are intended to be included 1n this invention.
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I, for 1nstance, a particular enantiomer of a compound of
the present invention 1s desired, 1t may be prepared by asym-
metric synthesis, or by dertvatization with a chiral auxiliary,
where the resulting diastereomeric mixture 1s separated and
the auxiliary group cleaved to provide the pure desired enan-
tiomers. Alternatively, where the molecule contains a basic
functional group, such as an amino group, or an acidic func-

tional group, such as a carboxyl group, diastercomeric salts
may be formed with an appropriate optically active acid or
base, followed by resolution of the diastereomers thus formed
by 1ractional crystallization or chromatographic means
known 1n the art, and subsequent recovery of the pure enan-
tiomers. In addition, separation of enantiomers and diastere-
omers 1s Irequently accomplished using chromatography
employing chiral, stationary phases, optionally 1n combina-
tion with chemical derivatization (e.g., formation of carbam-
ates from amines).

As used herein, the term “enantiomerically enriched” or
“diastereomerically enriched” refers to a compound having
an enantiomeric excess (ee) or a diastereomeric excess (de)
greater than about 50%, preferably greater than about 70%
and more preferably greater than about 90%. In general,
higher than about 90% enantiomeric or diastereomeric purity
1s particularly preferred, e.g., those compositions with greater
than about 95%, greater than about 97% and greater than
about 99% ee or de.

The terms “enantiomeric excess” and “diastereomeric

excess are used mterchangeably herein. Compounds with a
single stereocenter are referred to as being present in “enan-
tiomeric excess; those with at least two stereocenters are
referred to as being present 1n “diastereomeric excess”.

For example, the term “enantiomeric excess” 1s well
known 1n the art and 1s defined as:

conc.of a—conc. of b

ee, =
“ (mnc. of a+ conc. of b

]XIDO

The term “enantiomeric excess’ 1s related to the older term
“optical purity” 1n that both are measures of the same phe-
nomenon. The value of ee will be a number from 0 to 100,
zero being racemic and 100 being enantiomerically pure. A
compound which 1n the past might have been called 98%
optically pure 1s now more precisely characterized by 96% ee.
A 90% ee retlects the presence ol 95% of one enantiomer and
5% of the other(s) in the material 1n question.

Hence, 1n one embodiment, the invention provides a com-
position including a first stereoisomer and at least one addi-
tional stereoisomer of a compound of the invention. The first
stereoisomer may be present in a diastereomeric or enantio-
meric excess of at least about 80%, preferably at least about
90% and more preferably at least about 95%. In a particularly
preferred embodiment, the first stereoisomer 1s present 1n a
diastereomeric or enantiomeric excess of at least about 96%,
at least about 97%, at least about 98%, at least about 99% or
at least about 99.5%. Enantiomeric or diastereomeric excess
may be determined relative to exactly one other stereoisomer,
or may be determined relative to the sum of at least two other
stereo1somers. In an exemplary embodiment, enantiomeric or
diastereomeric excess 1s determined relative to all other
detectable stereoisomers, which are present 1n the mixture.
Stereoisomers are detectable if a concentration of such stere-
oisomer 1n the analyzed mixture can be determined using
common analytical methods, such as chiral HPLC.

C. Synthesis of the Compounds
1. General

Compounds of the imnvention may be synthesized as pure
C1S 1Somers or a racemic mixture, or a mixture of two or more
diastereomers. Stereoisomers may be separated at an appro-
priate synthetic stage, for example, by chiral column chroma-
tography, such as HPLC to give enantiomerically/diastereo-
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merically enriched or enantiomerically or diastereomerically
pure forms of the respective stereoisomers. Stereochemical
assignments may be made on the basis of NMR coupling
patterns optionally in conjunction with literature values.
Absolute configurations can be determined by synthesis from
chiral precursor of known configuration, or by X-ray crystal-
lographic determination using crystallized matenals.

Stereochemical-configurations are defined according to
the relative configuration of the amine-bearing side chain and
the substituent on the cycloalkyl ring. When more than one
substituent 1s present, the higher order (IUPAC) substituent 1s
used for the determination of stereochemical-configuration.

Compounds of the invention may be synthesized according,
to the schemes set forth below. It 1s within the abilities of a
person skilled 1n the art to select appropriate alternative
reagents replacing the exemplary reagents shown in the
schemes 1n order to synthesize a desired compound of the
invention. It 1s also within the abilities of a skilled artisan to
omit or add synthetic steps when necessary.

2. General Synthesis of Cycloalkylamines

In one embodiment, the compounds of the mnvention were
synthesized from the corresponding amino ketone a as shown
in Scheme 1, below.

Scheme 1: Exemplary Synthesis of Cycloalkylamines from Ketones

nz
O \)\‘

‘ \/\MgBrh

THE, -78° C.

b R?=CL RY = Cl
¢R?=F, R =l
dR?=CL R'=F

o

AD, 99:1 hex:IPA

‘ OH

\/ ffff;’

-

RE
Ry\)\
™

\

+-eR?=Cl, R =ClI
+-fRZ=F,R¥=Cl
+-gRZ=CI, R’ =F

RE
R A
‘ OH
\ +

1 R*=CIl, RY=Cl
24R*=F,R"=Cl
26R*=CLLRY=F
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_continued Dimethylaminomethyl cyclohexanone a was condensed
R.E'

with aryl Grignard reagents b-d to give racemic amino alco-
RY
hols. The racemic products were purified by chiral chroma-

OH i

t\""\
N N v

tography on a semi-preparative chiralpak AD column to give
enantiomers 1, 24 and 28, and 2, 26 and 27. In addition to the

values of R” and R” disclosed 1n Scheme 1, R> and R” are
10

Y RF= CLRY = Cl members independently selected from substituted or unsub-

25 R*=F, R =Cl stituted alkyl, C1, Br, F, NR'°R'", OR”, SR” and substituted or
2IR-=Cl,RVY=F

unsubstituted aryl.

Scheme 2: Exemplary Resolution and Derivatization of Cycloalkylamines

All absolute configurations arbritrarily assigned

Cl Cl
Cl Cl

OH AD 95/2.5/2.5/0.1

.
hex/EtOH/McOL/DEA /4
/\NH2 /\NHg
\/
3

(

Tracemic cis

Cl
Cl Cl
OH AD 95/5/0.1
-
hex/IPA/DEA
/\N e

Faster Moving Enantiomer Slower Moving Enantiomer

HCOH, HCO,H
NaB(CN)Hj;

racemic cis 1 2
Faster Moving Enantiomer Slower Moving Enantiomer
1. DEAD
2. EtOH, NH,4Cl
Y
Cl
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Referring to Scheme 2, the parent primary amine for 2,
compound 9, was obtained via chiral HPLC separation of
racemic cis-2-(aminomethyl)-1-(3,4-dichlorophenyl)cyclo-
hexanol 1nto constitutive 1somers 8 (faster moving enanti-
omer) and 9 (slower moving enantiomer). 9 was converted to
2 viareductive amination with formic acid, formaldehyde and
sodium cyanoborohydride. 2 was also obtained as the slower
moving enantiomer after chiral HPLC separation of racemic
c1s-1-(3,4-dichlorophenyl)-2-((dimethylamino)methyl )cy-
clohexanol; reduction of 2 1 a two step procedure with
DEAD and acidic EtOH provided mono-methyl dertvative 4.
D. Pharmaceutical Compositions

In an exemplary aspect, the invention provides a pharma-
ceutical composition including a compound described herein
or a pharmaceutically acceptable salt or solvate thereot, and
at least one pharmaceutically acceptable carrier. In various
embodiments, the compound 1s a c1s 1somer. In an exemplary
embodiment, the compound has a structure which 1s a mem-
ber selected from Formulae (1) to (IX).

As described 1n detail below, the pharmaceutical compo-
sitions of the present invention may be specially formulated
for administration 1 solid or liquid form, including those
adapted for oral administration, e.g., tablets, drenches (aque-
ous or non-aqueous solutions or suspensions), parenteral
administration (including intravenous and intramuscular), or
epidural 1njection as, for example, a sterile solution or sus-
pension, or sustained release formulation. The pharmaceuti-
cal compositions of the present invention may also be spe-
cifically formulated for administration transdermally.

The pharmaceutical compositions of the invention may be
administered orally, parenterally, subcutaneously, transder-
mally, nasally, or by anal suppository. The pharmaceutical
compositions of the mnvention may also be administered using
controlled delivery devices.

Formulations of the present invention include those suit-
able for oral and parenteral administration, particularly intra-
muscular, intravenous and subcutaneous administration. The
formulations may conveniently be presented in unit dosage
form and may be prepared by any methods well known 1n the
art of pharmacy. The amount of active ingredient which can
be combined with a carrier material to produce a single dos-
age form will vary depending upon the host being treated and
the particular mode of administration. The amount of active
ingredient which can be combined with a carrier matenal to
produce a single dosage form will generally be that amount of
the compound which produces a therapeutic effect, without
being toxic to the patient. Generally, out of one hundred
percent, this amount will range from about 1 percent to about
ninety-nine percent of active ingredient.

Exemplary unit dosage formulations are those containing,
an elfective dose, or an appropriate fraction thereof, of the
active 1ngredient, or a pharmaceutically acceptable salt
thereol. The magnitude of a prophylactic or therapeutic dose
typically varies with the nature and severity of the condition
to be treated and the route of administration. The dose, and
perhaps the dose frequency, will also vary according to the
age, body weight and response of the individual patient. In
general, the total daily dose (1n single or divided doses ) ranges
from about 1 mg per day to about 7000 mg per day, preferably
about 1 mg per day to about 100 mg per day, and more
preferably, from about 10 mg per day to about 100 mg per day,
and even more preferably from about 20 mg to about 100 mg,
to about 80 mg or to about 60 mg. In some embodiments, the
total daily dose may range from about 50 mg to about 300 mg,
per day, and preferably, about 100 mg to about 500 mg per
day. It 1s further recommended that children, patients over 65
years old, and those with impaired renal or hepatic function,
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iitially receive low doses and that the dosage be titrated
based on 1ndividual responses and/or blood levels. It may be
necessary to use dosages outside these ranges 1n some cases,
as will be apparent to those 1n the art. Further, it 1s noted that
the clinician or treating physician knows how and when to
interrupt, adjust or terminate therapy in conjunction with
individual patient’s response.

In certain embodiments, a formulation of the present inven-
tion comprises an excipient selected from the group consist-
ing of cyclodextrins, liposomes, micelle forming agents, e.g.,
bile acids, and polymeric carriers, e.g., polyesters and poly-
anhydrides; and a compound of the present invention. In
certain embodiments, an alorementioned formulation renders
orally bioavailable a compound of the present invention.

Methods of preparing these formulations or compositions
include the step of bringing into association a compound of
the present invention with the carrier and, optionally, one or
more accessory mgredients. In general, the formulations are
prepared by uniformly and intimately bringing into associa-
tion a compound of the present invention with liquid carriers,
or finely divided solid carriers, or both, and then, 1f necessary,
shaping the product.

Formulations of the invention suitable for oral administra-
tion may be in the form of capsules, cachets, pills, tablets,
caplets, lozenges (using a flavored basis, usually sucrose and
acacia or tragacanth), powders, granules, or as a solution or a
suspension 1 an aqueous or non-aqueous liquid, or as an
o1l-in-water or water-in-o1l liquid emulsion, or as an elixir or
syrup, or as pastilles (using an 1nert base, such as gelatin and
glycerin, or sucrose and acacia), each contaiming a predeter-
mined amount of a compound of the present invention as an
active mngredient. A compound of the present invention may
also be administered as a bolus, electuary or paste.

In solid dosage forms of the mnvention for oral administra-
tion (capsules, tablets, caplets, pills, dragees, powders, gran-
ules and the like), the active ingredient 1s mixed with one or
more pharmaceutically acceptable carriers, such as sodium
citrate or dicalctum phosphate, and/or any of the following:
(1) fillers or extenders, such as starches, lactose, sucrose,
glucose, mannitol, sialic acid and/or silicic acid; (2) binders,
such as, for example, carboxymethylcellulose, alginates,
gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; (3)
humectants, such as glycerol; (4) disintegrating agents, such
as agar-agar, calctum carbonate, potato or tapioca starch,
alginic acid, certain silicates, and sodium carbonate; (35) solu-
tion retarding agents, such as paraifin; (6) absorption accel-
erators, such as quaternary ammonium compounds; (7) wet-
ting agents, such as, for example, cetyl alcohol, glycerol
monostearate, and non-ionic surfactants; (8) absorbents, such
as kaolin and bentonite clay; (9) lubricants, such a talc, cal-
cium stearate, magnesium stearate, solid polyethylene gly-
cols, sodium lauryl sulfate, and mixtures thereotf, and (10)
coloring agents. In the case of capsules, tablets and pills, the
pharmaceutical compositions may also comprise builering
agents. Solid compositions of a similar type may also be
employed as fillers 1n soit and hard-shelled gelatin capsules
using such excipients as lactose or milk sugars, as well as high
molecular weight polyethylene glycols and the like.

A tablet may be made by compression or molding, option-
ally, with one or more accessory ingredients. Compressed
tablets may be prepared using binder (for example, gelatin or

hydroxypropylmethyl cellulose), lubricant, inert diluent, pre-
servative, disintegrant (for example, sodium starch glycolate
or cross-linked sodium carboxymethyl cellulose), surface-
active or dispersing agent. Molded tablets may be made by
molding 1n a suitable machine a mixture of the powdered
compound moistened with an mert liquid diluent.
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The tablets, and other solid dosage forms of the pharma-
ceutical compositions of the present invention, such as drag-
ees, capsules, pills and granules, may optionally be scored or
prepared with coatings and shells, such as enteric coatings
and other coatings well known in the pharmaceutical-formu-
lating art. They may also be formulated so as to provide slow
or controlled release of the active ingredient therein using, for
example, hydroxypropylmethyl cellulose in varying propor-
tions to provide the desired release profile, other polymer
matrices, liposomes and/or microspheres. They may be for-
mulated for rapid release, e.g., freeze-dried. They may be
sterilized by, for example, filtration through a bacteria-retain-
ing filter, or by incorporating sterilizing agents in the form of
sterile solid compositions which can be dissolved 1n sterile
water, or some other sterile injectable medium immediately
before use. These compositions may also optionally contain
opacitying agents and may release the active mgredient(s)
only, or preferentially, in a certain portion of the gastrointes-
tinal tract, optionally, 1n a delayed manner. Examples of
embedding compositions which can be used include poly-
meric substances and waxes. The active ingredient can also be
in micro-encapsulated form, 1f appropnate, with one or more
of the above-described excipients.

Liquid dosage forms for oral administration of the com-
pounds of the invention include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups
and elixirs. In addition to the active ingredient, the liqud
dosage forms may contain inert diluents commonly used 1n
the art, such as, for example, water or other solvents, solubi-
lizing agents and emulsifiers, such as ethyl alcohol, 1sopropyl
alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl
benzoate, propylene glycol, 1,3-butylene glycol, o1ls (1n par-
ticular, cottonseed, groundnut, corn, germ, olive, castor and
sesame o1ls), glycerol, tetrahydrofuryl alcohol, polyethylene
glycols and fatty acid esters of sorbitan, and mixtures thereof.

Besides inert diluents, the oral compositions can also
include adjuvants such as wetting agents, emulsilying and
suspending agents, sweetening, flavoring, coloring, perfum-
ing and preservative agents.

Suspensions, 1 addition to the active compounds, may
contain suspending agents as, for example, ethoxylated 1sos-
tearyl alcohols, polyoxyethylene sorbitol and sorbitan esters,
microcrystalline cellulose, aluminum metahydroxide, bento-
nite, agar-agar and tragacanth, and mixtures thereof.

Pharmaceutical compositions of this invention suitable for
parenteral administration comprise one or more compounds
ol the invention in combination with one or more pharmaceu-
tically-acceptable sterile i1sotonic aqueous or nonaqueous
solutions, dispersions, suspensions or emulsions, or sterile
powders which may be reconstituted into sterile injectable
solutions or dispersions just prior to use, which may contain
sugars, alcohols, antioxidants, buflers, bacteriostats, solutes
which render the formulation 1sotonic with the blood of the
intended recipient or suspending or thickening agents.

Examples of suitable aqueous and nonaqueous carriers
which may be employed 1n the pharmaceutical compositions
of the invention include water, ethanol, polyols (such as glyc-
erol, propylene glycol, polyethylene glycol, and the like), and
suitable mixtures thereol, vegetable oils, such as olive o1l, and
injectable organic esters, such as ethyl oleate. Proper fluidity
can be maintained, for example, by the use of coating mate-
rials, such as lecithin, by the maintenance of the required
particle size in the case of dispersions, and by the use of
surfactants.

These compositions may also contain adjuvants such as
preservatives, wetting agents, emulsitying agents and dis-
persing agents. Prevention of the action of microorganisms
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upon the subject compounds may be ensured by the inclusion
of various antibacterial and antifungal agents, for example,
paraben, chlorobutanol, phenol sorbic acid, and the like. It
may also be desirable to include 1sotonic agents, such as
sugars, sodium chloride, and the like into the compositions. In
addition, prolonged absorption of the injectable pharmaceu-
tical form may be brought about by the inclusion of agents
which delay absorption such as aluminum monostearate and
gelatin.

In some cases, 1n order to prolong the effect of a drug, 1t 1s
desirable to slow the absorption of the drug from subcutane-
ous or intramuscular injection. This may be accomplished by
the use of a liquid suspension of crystalline or amorphous
material having poor water solubility. The rate of absorption
ol the drug then depends upon 1ts rate of dissolution which, 1n
turn, may depend upon crystal size and crystalline form.
Alternatively, delayed absorption of a parenterally-adminis-
tered drug form 1s accomplished by dissolving or suspending
the drug 1n an o1l vehicle.

Injectable depot forms are made by forming microencap-
sule matrices of the subject compounds 1n biodegradable
polymers such as polylactide-polyglycolide. Depending on
the ratio of drug to polymer, and the nature of the particular
polymer employed, the rate of drug release can be controlled.
Examples of other biodegradable polymers include poly
(orthoesters) and poly(anhydrides). Depot injectable formu-
lations are also prepared by entrapping the drug in liposomes
or microemulsions which are compatible with body tissue.
Pharmaceutical compositions or unit dosage forms of the
present invention in the form of prolonged-action tablets may
comprise compressed tablets formulated to release the drug
substance 1n a manner to provide medication over a period of
time. There are a number of tablet types that include delayed-
action tablets 1n which the release of the drug substance 1s
prevented for an interval of time after administration or until
certain physiological conditions exist. Repeat action tablets
may be formed that periodically release a complete dose of
the drug substance to the gastrointestinal fluids. Also,
extended release tablets that continuously release increments
of the contained drug substance to the gastrointestinal fluids
may be formed.

Compounds of the invention can be also administered by
controlled release means or by delivery devices that are well
known to those of ordinary skill 1n the art. Examples include,
but are not limited to, those described 1n U.S. Pat. Nos. 3,843,
770;3,916,899; 3,536,809; 3,598,123; and 4,008,719, 5,674,
533, 5,059,595, 5,591,767, 5,120,548, 5,073,543, 5,639,476,
5,354,556, and 5,733,566, each of which is incorporated
herein by reference. Such dosage forms can be used to pro-
vide slow or controlled-release of one or more active ingre-
dients using, for example, hydroxypropylmethyl cellulose,
other polymer matrices, gels, permeable membranes, osmotic
systems, multilayer coatings, microparticles, liposomes,
microspheres, or a combination thereof to provide the desired
release profile 1n varying proportions. Suitable controlled-
release formulations known to those of ordinary skill in the
art, including those described herein, can be readily selected
for use with the compounds of this mnvention. The mvention
thus encompasses single unit dosage forms suitable for oral
administration such as, but not limited to, tablets, capsules,
gelcaps, and caplets that are adapted for controlled-release.

All controlled-release pharmaceutical products have a
common goal of improving drug therapy over that achieved
by their non-controlled counterparts. Ideally, the use of an
optimally designed controlled-release preparation in medical
treatment 1s characterized by a minimum of drug substance
being employed to cure or control the condition in a minimum
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amount of time. Advantages of controlled-release formula-
tions include extended activity of the drug, reduced dosage
frequency, and increased patient compliance. In addition,
controlled-release formulations can be used to atfect the time
of onset of action or other characteristics, such as blood levels
of the drug, and can thus atlect the occurrence of side (e.g.,
adverse) elfects.

Most controlled-release formulations are designed to 1ni-
tially release an amount of drug (active ingredient) that
promptly produces the desired therapeutic effect, and gradu-
ally and continually release other amounts of drug to maintain
this level of therapeutic or prophylactic effect over an
extended period of time. In order to maintain this constant
level of drug 1n the body, the drug must be released from the
dosage form at a rate that will replace the amount of drug
being metabolized and excreted from the body. Controlled-
release of an active mgredient can be stimulated by various
conditions including, but not limited to, pH, temperature,
enzymes, water, or other physiological conditions or com-
pounds.

Compounds of the present invention may also be formu-
lated as transdermal, topical, and mucosal dosage forms,
which forms include, but are not limited to, ophthalmic solu-
tions, sprays, acrosols, creams, lotions, ointments, gels, solu-
tions, emulsions, suspensions, or other forms known to one of
skill 1n the art. See, e.g., Remington’s Pharmaceutical Sci-
ences, 16th and 18th eds., Mack Publishing, Easton Pa. (1980
& 1990); and Introduction to Pharmaceutical Dosage Forms,
4th ed., Lea & Febiger, Philadelphia (1985). Transdermal
dosage forms include “reservoir type” or “matrix type”
patches, which can be applied to the skin and worn for a
specific period of time to permit the penetration of a desired
amount of active ingredients.

Suitable excipients (e.g., carriers and diluents) and other
materials that can be used to provide transdermal, topical, and
mucosal dosage forms encompassed by this invention are
well known to those skilled in the pharmaceutical arts, and
depend on the particular tissue to which a given pharmaceu-
tical composition or dosage form will be applied.

Depending on the specific tissue to be treated, additional
components may be used prior to, 1n conjunction with, or
subsequent to treatment with active ingredients of the imven-
tion. For example, penetration enhancers can be used to assist
in delivering the active ingredients to the tissue.

The pH of a pharmaceutical composition or dosage form,
or of the tissue to which the pharmaceutical composition or
dosage form 1s applied, may also be adjusted to improve
delivery of one or more active ingredients. Similarly, the
polarity of a solvent carrier, its 10nic strength, or tonicity can
be adjusted to improve delivery. Compounds such as stearates
can also be added to pharmaceutical compositions or dosage
forms to advantageously alter the hydrophilicity or lipophi-
licity of one or more active igredients so as to improve
delivery. In this regard, stearates can serve as a lipid vehicle
tor the formulation, as an emulsifying agent or surfactant, and
as a delivery-enhancing or penetration-enhancing agent. Dii-
terent salts, hydrates or solvates of the active ingredients can
be used to further adjust the properties of the resulting com-
position.

When the compounds of the present invention are admin-
istered as pharmaceuticals, to humans and animals, they can
be given per se or as a pharmaceutical composition contain-
ing, for example, 0.1 to 99.5% of active mngredient 1n combi-
nation with a pharmaceutically acceptable carrier.

The preparations of the present invention may be given
orally and parenterally. They are of course given in forms
suitable for each administration route. For example, they are
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administered in tablets or capsule form, by injection, and by
intravenous administration. In one embodiment, oral admin-
istrations are preferred.

The phrases “parenteral administration” and “adminis-
tered parenterally” as used herein means modes of adminis-
tration other than enteral and topical administration, usually
by 1njection, and includes, without limitation, intravenous,
intramuscular, intraarterial, intrathecal, 1intracapsular,
intraorbital, intracardiac, intradermal, intraperitoneal, tran-
stracheal, subcutaneous, subcuticular, intraarticular, subcap-
sular, subarachnoid, intraspinal and intrasternal injection and
infusion.

The selected dosage level will depend upon a variety of
factors including the activity of the particular compound of
the present ivention employed, or the ester, salt or amide
thereol, the route of administration, the time of administra-
tion, the rate of excretion or metabolism of the particular
compound being employed, the duration of the treatment,
other drugs, compounds and/or materials used 1n combina-
tion with the particular compound employed, the age, sex,
weight, condition, general health and prior medical history of
the patient being treated, and like factors well known 1n the
medical arts.

A physician or veterinarian having ordinary skill 1n the art
can readily determine and prescribe the effective amount of
the pharmaceutical composition required. For example, the
physician or veterinarian could start doses of the compounds
of the mnvention employed in the pharmaceutical composition
at levels lower than that required 1n order to achieve the
desired therapeutic effect and gradually increase the dosage
until the desired effect 1s achueved.

In general, a suitable daily dose of a compound of the
invention will be that amount of the compound which 1s the
lowest dose eflective to produce a therapeutic effect. Such an
cifective dose will generally depend upon the factors
described above. Generally, oral, intravenous, intracere-
broventricular and subcutaneous doses of the compounds of
this invention for a patient will range from about 0.005 mg per
kilogram to about 5 mg per kilogram of body weight per day.
In an exemplary embodiment, the oral dose of a compound of
the invention will range from about 10 mg to about 300 mg
per day. In an exemplary embodiment, the oral dose of a
compound of the invention will range from about 20 mg to
about 250 mg per day. In an exemplary embodiment, the oral
dose of a compound of the invention will range from about
100 mg to about 300 mg per day. In an exemplary embodi-
ment, the oral dose ol a compound of the invention will range
from about 10 mg to about 100 mg per day. In an exemplary
embodiment, the oral dose of a compound of the invention
will range from about 25 mg to about 50 mg per day. In an
exemplary embodiment, the oral dose of a compound of the
invention will range from about 50 mg to about 200 mg per
day. Each of the above-recited dosage ranges may be formu-
lated as a unit dosage formulation.

The terms “treatment” or “treating” 1s intended to encom-
pass therapy, preventing relapse, and amelioration of acute
symptoms. Note that “treating’ refers to either or both of the
amelioration of symptoms and the resolution of the underly-
ing condition. In many of the conditions of the invention, the
administration of a compound or composition of the mven-
tion may act not directly on the disease state, but rather on
some pernicious symptom, and the improvement of that
symptom leads to a general and desirable amelioration of the
disease state. The compounds of the mvention can also be
used to prevent a disease (prophylaxis).
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The patient recerving this treatment 1s any animal 1n need,
including primates, in particular humans, and other mammals

such as equines, cattle, swine and sheep, as well as poultry
and pets 1n general.

The compounds and pharmaceutical compositions of the
invention can be administered 1n conjunction with other phar-
maceutical agents, for instance antimicrobial agents, such as
penicillins, cephalosporins, aminoglycosides and glycopep-
tides. Conjunctive therapy thus includes sequential, simulta-
neous and separate administration of the active compound in
a way that the therapeutic effects of the first administered
agent have not entirely disappeared when the subsequent
agent 1s administered.

In an exemplary embodiment, the subject exhibiting an
indication for which a compound of the invention is thera-
peutically eflicacious 1s not otherwise 1n need of treatment
with a compound of the mvention or a compound falling
within the structural genus encompassing the compounds of
the 1nvention.

IV. Methods

A. Binding To Monoamine Transporter

In various aspects the invention provides a method of bind-
ing a compound of the mvention to a monoamaine transporter.
The method includes contacting the monoamine transporter
and a compound of the invention.

The invention further provides a method of inhibiting bind-
ing of a monoamine transporter ligand to a monoamine trans-
porter (such as serotonin transporter, dopamine transporter
and norepinephrine transporter). The method includes con-
tacting the monoamine transporter and a compound of the
invention. In an exemplary embodiment the monoamine
transporter ligand 1s an endogenous monoamine, such as
serotonin, dopamine or norepinephrine. In another exemplary
embodiment, the ligand i1s a drug molecule or another small
molecule known to have binding aifinity to a monoamine
transporter. In another exemplary embodiment, the monoam-
ine transporter ligand 1s a radioactively labeled compound,
known to bind to the monoamine transporter.

In an exemplary embodiment, inhibition of ligand binding,
1s shown using an ex vivo binding assay, such as those
described heremn. In an exemplary embodiment, the com-
pound of the invention inhibits mean binding by between
about 1% and about 100%, preferably by between about 10%
and about 100%, more preferably by between about 20% and
about 90% when compared to vehicle. Inhibition of mean
binding 1s preferably dose dependent.

B. Inhibition of Monoamine Transporter Activity

In various embodiments, the invention provides a method
of modulating (e.g., mhibiting, augmenting) the activity of at
least one monoamine transporter, such as serotonin trans-
porter, dopamine transporter and norepinephrine transporter.
The method includes contacting the monoamine transporter
and a compound of the invention. In an exemplary embodi-
ment, the monoamine transporter 1s contacted with a com-
pound of the invention by administering to a subject a thera-
peutically effective amount of the compound of the invention,
or a pharmaceutically acceptable salt or solvate thereof. The
subject can be a human. In an exemplary embodiment, the
monoamine transporter 1s dopamine transporter (DAT), sero-
tonin transporter (SERT) or norepinephrine transporter
(NET). In various exemplary embodiments, the compound of
the mvention inhibits the activity of at least two different
monoamine transporters. Inhibition of monoamine trans-
porter activity may be measured using assays known in the
art. Exemplary assay formats include in vitro functional
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uptake assays. In an exemplary embodiment, the functional
uptake assay utilizes an approprate cell-line expressing a
desired monoamine transporter. In various exemplary
embodiments, the functional uptake assay utilizes synapto-
somes 1solated from brain tissue of an appropriate organism.
Alternatively, ihibition of monoamine transporter activity
may be assessed using receptor binding experiments known
in the art, e.g., utilizing appropriate membrane preparations.
An exemplary assay involves treatment of a test subject (e.g.,
a rat) with a compound of the invention as well as a reference
compound, followed by 1solation of brain tissue and ex vivo
analysis of receptor occupancy, as described herein.

C. Inhibition of Monoamine Uptake

In various aspects, the mvention provides a method of
inhibiting uptake of at least one monoamine (e.g., dopamine,
serotonin, norepinephrine) by a cell. The method includes
contacting the cell with a compound of the mvention. In an
exemplary embodiment, the cell 1s a brain cell, such as a
neuron or a glial cell. In one example, inhibition of monoam-
ine uptake occurs 1n vivo. In an organism, neuronal uptake
(also termed reuptake) of a monoamine such as dopamine or
serotonin occurs, for example, from the synaptic cleit. Thus,
in one embodiment, the neuronal cell 1s 1n contact with a
synaptic cleft of a mammal. In another exemplary embodi-
ment, mhibition of monoamine uptake occurs 1n vitro. In
those methods the cell, may be a brain cell, such as a neuronal
cell or a cell-type, which expresses a recombinant monoam-
ine transporter.

In one embodiment, the compound inhibits uptake of at
least two different monoamines. This can, for example, be
shown by performing various in vitro functional uptake
assays utilizing a cell-type, which simultaneously expresses
multiple different monoamine transporters (such as isolated
synaptosomes ), or may be shown by using two different cell
types, each expressing a different monoamine transporter,
such as a recombinant dopamine transporter, together with an
approprate, labeled monoamine. Inhibition of monoamine
uptake 1s demonstrated when the inhibitor (e.g., a compound
of the mvention) has an IC., of between about 0.1 nM and
about 10 uM, preferably between about 1 nM and about 1 uM,
more preferably between about 1 nM and about 500 nM, and
even more preferably between about 1 nM and about 100 nM
in a functional monoamine uptake assay, such as those
described herein below.

D. Treatment of Neurological Disorders

In another aspect, the invention provides a method of treat-
ing a neurological disorder by inhibiting the activity at least
one monoamine transporter. The method includes adminis-
tering to a subject 1n need thereof a therapeutically effective
amount ol a composition or compound of the invention, or a
pharmaceutically acceptable salt or solvate thereof. In an
exemplary embodiment, the mammalian subject 1s a human.
In another exemplary embodiment, the compound of the
invention inhibits the activity of at least two different
monoamine transporters. For example, the compound of the
invention inhibits the activity of at least two of serotonin
transporter, dopamine transporter and norepinephrine trans-
porter. Inhibition of monoamine transporter activity may be
shown by functional monoamine uptake assays as described
herein below.

Demonstration of compound activity can be performed 1n
various art-recognized amimal models. For example, anti-
depressant activity of a compound of the invention may be
shown by utilizing an appropriate animal model of depres-
sion, such as the Rat Forced Swim Test, the Mouse Tail
Suspension Test and Rat Locomotor Activity Analyses. The
Rat Forced Swim Test 1s also suitable for the analysis of
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compounds having activities against more than one monoam-
ine transporter (mixed monoamine transporter activity). For
example, an 1ncrease 1n swimming activity 1s indicative of
serotonin reuptake inhibition, while an increase 1n climbing
activity 1s indicative of norepinephrine reuptake inhibition.

In an various embodiments, the compounds of the mnven-
tion are active 1n at least one animal model, which can be used
to measure the activity of the compounds and estimate their
elficacy 1n treating a neuroligal disorder. For example, when
the animal model 1s for depression (e.g., mean immobility),
the compounds of the invention are active when they inhibit
mean immobility by between about 5% and about 90%, pret-
erably between about 10% and about 70% more preferably
between about 10% and about 50%, more preferably between
about 15% and about 50% 1n at least one animal model, when
compared to vehicle. In various embodiments, the com-
pounds of the mvention produce a similar disparity 1n mea-
sured endpoint between treated animals and animals admin-
istered vehicle.

In various embodiments, the invention provides a method
of effecting an anti-depressant-like effect. The method
includes administering to a mammalian subject 1 need
thereot a therapeutically effective amount of a compound or
composition of the mvention, or a pharmaceutically accept-
able salt or solvate thereof. Anti-depressant-like effects may
be measured using an animal model of disease, such as those
described herein.

In various exemplary embodiments, the neurological dis-
order 1s a member selected from the group consisting of
depression (e.g., major depressive disorder, bipolar disorder,
unipolar disorder, dysthymia and seasonal affective disor-
der), cognitive deficits, fibromyalgia, pain (e.g., neuropathic
pain), sleep related disorders (e.g., sleep apnea, imnsomnia,
narcolepsy, cataplexy) including those sleep disorders, which
are produced by psychiatric conditions, chronic fatigue syn-
drome, attention deficit disorder (ADD), attention deficit
hyperactivity disorder (ADHD), restless leg syndrome,
schizophrenia, anxieties (e.g. general anxiety disorder, social
anxiety disorder, panic disorder), obsessive compulsive dis-
order, posttraumatic stress disorder, seasonal atiective disor-
der (SAD), premenstrual dysphora, post-menopausal vaso-
motor symptoms (e.g., hot flashes, night sweats), and
neurodegenerative disease (e.g., Parkinson’s disease, Alzhe-
imer’s disease and amyotrophic lateral sclerosis), manic con-
ditions, dysthymic disorder, cyclothymic disorder, obesity
and substance abuse or dependency (e.g. cocaine addiction,
nicotine addiction). In an exemplary embodiment, the neuro-
logical disorder 1s depression, such as major depressive dis-
order. In an exemplary embodiment, the compounds of the
invention are useful to treat two conditions/disorders, which
are comorbid, such as cognitive deficit and depression.

Neurological disorder includes cerebral function disor-
ders, including without limitation, senile dementia, Alzhe-
imer’s type dementia, cognition, memory loss, amnesia/am-
nestic syndrome, epilepsy, disturbances of consciousness,
coma, lowering of attention, speech disorders, Lennox syn-
drome, autism, and hyperkinetic syndrome.

Neuropathic pain includes without limitation post herpetic
(or post-shingles) neuralgia, reflex sympathetic dystrophy/
causalgia or nerve trauma, phantom limb pain, carpal tunnel
syndrome, and peripheral neuropathy (such as diabetic neu-
ropathy or neuropathy arising from chronic alcohol use).

Other exemplary diseases and conditions that may be
treated using the methods of the ivention include obesity;
migraine or migraine headache; urinary incontinence, includ-
ing without limitation involuntary voiding of urine, dribbling
or leakage of urine, stress urinary ncontinence (SUI), urge
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incontinence, urinary exertional incontinence, reflex inconti-
nence, passive incontinence, and overtlow incontinence; as
well as sexual dysiunction, 1n men or women, including with-
out limitation sexual dysfunction caused by psychological
and/or physiological factors, erectile dysfunction, premature
¢jaculation vaginal dryness, lack of sexual excitement, 1nabil-
ity to obtain orgasm, and psycho-sexual dysiunction, includ-
ing without limitation, inhlibited sexual desire, inhibited
sexual excitement, inhibited female orgasm, mnhibited male
orgasm, functional dyspareunia, functional vaginismus, and
atypical psychosexual dystunction.

In an exemplary embodiment, the neurological disorder 1s
obesity, and the therapeutically effective amount of com-

pound to supply to a patient 1s enough so that said patient feels
satiated.

In an exemplary embodiment, the compounds described
herein treat/prevent a central nervous disorder, without caus-
ing addiction to said compounds.

The following examples are provided to illustrate the
exemplary features of the invention.

EXAMPLES

The following examples are provided to 1llustrate selected
embodiments of the invention and are not to be construed as

limiting 1ts scope.

Example 1
1a. General Procedures

In the examples, below, the following general experimental
procedures were used unless otherwise noted: All commer-
cial reagents were used without further purification. Anhy-
drous reactions were pertormed 1n tlame-dried glassware
under N2. NMR spectra were recorded on a Varian 400 MHz
spectrometer in deuterochloroform or methanol-d* with tri-
methylsilane (TMS) as an internal reference. Silica gel col-
umn chromatography was performed using an ISCO Combi-
flash system with detection at 234 nm or using ISCO normal
phase silica gel cartridges.

1b. Analytical HPLC

Analytical HPLC was performed on a Hewlett Packard
Series 1100 pump connected to an Agilent Zorbax RX-C18 5
um, 4.6x250 mm column, with detection on a Hewlett Pack-
ard Series 1100 UV/Vis detector monitoring at 214 and 254
nm. Typical tlow rate=1 ml/min. Three different HPLC col-
umns and various elution protocols were used. For example,
(1) Agilent Zorbax RX-CI18 5 um, 4.6x250 mm column run-
ning a linear gradient. Solvent A=H,O w/0.05% TFA, Solvent
B=MeCN w/0.05% TFA. Time 0 min=5% Solvent B, time 4
min=40% Solvent B, time 8 min=100% Solvent B, 12
min=3% Solvent B, 20 min=5% Solvent B; (2) Phenomenex
3u C18 column running a 3 minute gradient of 5—=100% B
(acetonitrile/0.1% formic acid) and solvent A (water/0.1%
formic acid); (3) Phenomenex 5u C18 column running a 3
minute gradient of 5—100% B where solvent B (acetonitrile/
0.1% formic acid) and solvent A (water/0.1% formic acid).

1c. Reverse Phase HPLC Purification

Reverse phase HPLC purification was performed on a Gil-
son system using a Phenomenex Sy C18 (50x21.2 mm) col-
umn. The standard separation method was: 10 minute gradi-
ent ol 10—100% B (acetonitrile/0.1% formic acid) 1n solvent
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A (water/0.1% formic acid). Crude samples were typically
dissolved in MeOH. Fractions were concentrated by Genovac
(centrifugation at low pressure).

1d. GC-MS

(Gas chromatography was performed on a Hewlett Packard
6890 Series GC System with an HP1 column (30 meters,
0.15u film thickness) coupled to a Hewlett Packard 5973
Series Mass Selective Detector. The following linear tem-

perature gradient was used: 100° C. for 5 minutes, then 20°
C./min to 320° C. Hold (320° C. for 10 minutes.

le. LCMS

LCMS was performed on an Agilent 1100 Series system
connected to a Micromass Plattorm LC. The following col-
umn and gradient was used: Column: Luna C18(2), 3 um
particle size 30x2.0 mm column dimension. Flow rate=0.5
ml./min, Solvent A=0.1 M NH_Ac 1n 95% H,O, 5% MecOH,
pH 6.0, Solvent B=Solvent B: 0.1 M NH_,Ac i1n MeOH. Lin-
ear gradient with 6 entries: Time 0 min=100% Solvent A, time
10 min=100% Solvent B, time 12 min=100% Solvent B, time
12 min 10 sec=100% Solvent A, time 14 min=100% Solvent
A, time 14 min 20 sec=100% Solvent A.

11. Microwave (WW) Recrystallization

The crude salt (e.g., HCl salt) was loaded into a microwave
vessel with a stir bar. The recrystallization solvent was added
and the vessel was heated at the target temperature for a given
time. The vessel was cooled to 50° C. 1n the reactor, was then
removed and allowed to slowly cool to RT. N,N-dimethyl
amines were typically recrystallized in EtOAc or EtOAc:
CHLCN (2:1). N-Me or primary amines were typically recrys-
tallized in CH,CN.

Example 2

2a. Experimental Procedures and Characterization
Data
Cl
Cl Cl
Cl
O
MgBr OH
-~ -~
b
N _ N
a 1 +2
AD column
95/5/0.1
hex/PA/DEA
Y
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-continued

Cl

Cl

To a solution of ketone a (2.0 g, 13 mmol) in THF (20 mL)
at = 78° C. was added 3,4-dichlorophenylmagnisium bromide

(0.5 M 1n THEF, 38 mL, 19 mmol). The reaction mixture was
stirred for 30 min at -78° C. belfore being warmed to 0° C.
over 30 min. A saturated solution of NH,Cl (30 mL) was
added to the reaction mixture to quench the reaction. The
resulting product was extracted with diethyl ether (2x100
mlL). The combined extracts were dried and concentrated.

The residue was subjected to silica gel column chromatogra-
phy (ethyl acetate/hexane/Et,N=1:10:0.1) to give the racemic
mixture of 1 and 2 (3.5 g, 90%). The racemic mixture was
separated by chiral AD column (hexane/1PrOH/DEA=935/5/
0.1 as eluent) to give pure 1 (Faster moving enantiomer) and
2 (Slower moving enantiomer).

2al. Data For 1/2

'H NMR (400 MHz, CD,0D) & 7.73 (d, J=1.6 Hz, 1H),
7.52(d, J=8.4 Hz, 1H), 7.47 (dd, I=1.6, 8.4 Hz, 1H), 3.01 (dd,
J=13.2, 10.4 Hz, 1H), 2.76 (s, 3H), 2.65 (s, 3H), 2.57 (dd,
1=2.0, 13.2 Hz, 1H), 2.28 (m, 2H), 1.9 (m, 2H), 1.70 (m, 2H),
1.6 (m, 2H); >C NMR (100 MHz, CD,0D) 8 148.86, 132.32,
130.32, 127.49, 125.08, 74.11, 60.22, 45.03, 41.22, 40.29,
25.71, 24.64, 21.16; ESI MS m/z 302.1, 304.0.

2b. Dealkylation of Cycloalkylamines

Cl

Cl

C

‘ 1. DEAD
-
2. EtOH—NH,4(Cl

WOH
o N

(O
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To a solution of 2 (0.8 g, 2.65 mmol) 1n toluene was added
DEAD (0.69 g, 0.63 mL, 3.96 mmol). The reaction mixture
was heated at 100° C. for 4 h before being concentrated. The
residue was dissolved 1n 30 mL of EtOH and a saturated
solution of NH,Cl1 (30 mL) was added. The reaction mixture
was stirred at 50° C. for 6 h before being concentrated. NaOH
solution (2 M, 10 mL) was added to the resulting mixture and
the product was extracted with diethyl ether (2x80 mL). The
combined extracts were dried and concentrated. The residue

was purified by reserve phase column chromatography
(CH,CN/H,0=5/95 to 95/5) to give 4 (0.32 g, 42%)).

2bl. Data For 4

'HH NMR (400 MHz, CD,0D) 8 7.60 (s, 1H), 7.37 (m, 2H),
2.57 (dd, J=2.0, 12.4 Hz, 1H), 2.28 (dd, 1=2.8, 12.4 Hz, 1H),
2.23 (s, 3H), 1.88 (m, 2H), 1.78 (m, 2H), 1.62 (m, 1H), 1.56
(m, 2H), 1.40 (m, 1H); *C NMR (100 MHz, CD,OD) &
150.86, 132.40, 130.21, 130.09, 127.56, 124.77, 77.03,
53.54, 43.95, 40.82, 36.81, 26.45, 26.05, 22.05; ESI MS m/z
288.1.

2¢. Synthesis of Cyclohexylamines from
Cyclohexanone

0O
)J\ HOHO )J\/\OH
- +
~_ 203 ~_
j k
Cl Cl
)\ Cl Cl
7 THF PPh;, DEAD
‘ g DPPA
/
OH
MgBr
OH
b
IT1
Cl Cl
Cl Cl
X PPhj X
-
P P
OH OH
N3 NHZ
11 0

To a solution of cyclohexanone (23.7 g, 25.0 mL, 0.242
mol) in H,O (50 mL) was added HCHO (37%, 37.5 mL, 0.46
mol) and K,CO; (0.32 g, 3.76 mmol). The reaction mixture
was stirred for three hours at 60° C. Then the product was
extracted with diethyl ether (2x300 mL). The combined
extracts were dried and concentrated. The residue was puri-
fied by silica gel column chromatography (ethyl acetate/hex-

ane=1:7 to 1:2) to give k (10.8 g, 35%).
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To asolution ofk (3.2 g, 25 mmol) in THF (60 mL) at —=20°
C. was added 3.,4-dichlorophenylmagnesium bromide solu-
tion (0.5 M, 100 mL, 50 mmol). The reaction mixture was
stirred for 30 min before being quenched by NH_Cl1 solution
(20 mL). The product was then extracted by diethyl ether
(2x100 mL). The combined extracts were dried and concen-
trated. The residue was purified by silica gel column chroma-
tography (hexane/ethyl acetate=1:7 to 1:2) to give m (2.1 g,

31%).

To asolutionofm (1.6 g, 5.8 mmol) in THF (40 mL) at r.t.
was added PPh, (1.8 g, 7.0 mmol), DEAD (1.2 g, 7.0 mmol)
and diphenylphosphorazidate (DPPA) (1.9 g, 7.0 mmol). The

resulting yellow solution was stirred overnight before being
concentrated. The residue was subjected to silica gel column
chromatography (hexane/ethyl acetate)=1:10 to 1:1 to give

the desired product n (1.32 g, 74%).

To a solution of n (1.00 g, 3.34 mmol) in THF (30 mL) was
added PPh, (1.75 g, 6.68 mmol). The reaction mixture was
stirred for 24 h before H,O (10 mL was added. The resulting,
mixture was stirred for another 2 days before being concen-
trated. The residue was subjected to reverse phase column
chromatography (CH,CN/H,0=5/95 to 93/5) to give the
desired product o (0.75 g, 82%). The racemic mixture was
separated by chiral AD column with (ethanol/methanol/hex-
ane/DEA=Mar. 2, 1995/0.1) to give the pure enantiomer 8
(Faster moving enantiomer) and 9 (Slower moving enanti-
omer).

Cl
Cl
AD column
r o
OH 95:2.5:2.5:0.1 hex/EtOH/MeOH/DEA
/\NH2
0
Cl
Cl
T
\/
: LOH +
NH,
8 9
(First peak) (second peak)

2¢]1. Data For 8/9

'HNMR (400 MHz, CD,OD) 8 7.73 (broad, 1H), 7.40 (d,
J=8.4 Hz, 1H), 7.30 (m, 2H), 2.69 (dd, J=2.0, 13.2 Hz, 1H),
2.56 (dd, J=2.8, 13.2 Hz, 1H), 2.20 (m, 2H), 1.80 (m, 2H),
2.28 (m, 2H), 1.60 (m, 2H), 1.50 (m, 3H); "*C NMR (100
MHz, CD,0D) & 150.75, 132.38, 130.19, 130.06, 127.64,
124.81,77.28. 43.63, 43.45, 41.16, 2638, 25.34, 22.06: ESI
MS m/z 274.1, 276.0.




Compound 9 was converted to 2 via reductive amination
with formaldehyde.

C

1
)\ o
\

/
WOl
t\"‘
TN NH,

9
(second peak)

HCHO, HCO-H
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Example 3

3a. Experimental Procedures

Cl

Cl

MgBr

NaH

Selectlour

Fn=-

22A/B

2

iPr,NEt, Mel

-

CH,Cl,
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-continued
Cl
Cl
F

23A/B

Experimental conditions utilized for these syntheses were
similar to those employed in Examples 1 and 2.

O O
Z A
NaH
- +
CHjl
al bl
Cl
Cl
-
MgBr
a3 b2

15A/B

iPr,NEt, Mel
CH,Cl,

Jie-

16A/B
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-continued
Cl

Cl

w /
o \N

17A/B

Experimental conditions utilized for these syntheses were
similar to those employed in Examples 1 and 2.

Example 4

4a. In Vitro Human 5-HT/NE/DA Reuptake
Inhibition Data

Compounds were tested for their inhibition of functional
uptake of serotomin (5-HT), norepinephrine (NE), and
dopamine (DA), 1n synaptosomes prepared from rat whole
brain, hypothalamus, or corpus striatum, respectively, and/or
using recombinant human transporters. Details of the assays
are described in US 2007/0203111 A1, which 1s incorporated
by reference. Results for functional uptake assay for human
reuptake transporters are shown below.

Corporate ID  5-HT ICs5, (nM) NE IC54 (nM) DA IC, (nM)
2 +++ * #
4 ++++ & #
9 ++++ * #
1 + o H
8 +++ Rk H
5-HT IC50 NE IC50 DA IC50
1-2000 nM (+) 10-200 nM (*) 10-200 nM (#)
2001-7000 nM (++) 201-1000 nM (***) 201-1000 nM (##)
7001-10000 nM 1001-5000 nM 1001-5000 nM
(+++) (F%%) (###)
>10001 nM >5001 nM 5001-10000 nM
(++++) (REEE) (HH#H##)

4b. In Vitro PK Data (Human Metabolic Stability,
Inhibition of CYP450 Enzymes, Inhibition of HERG

Current)
CYP inhibition ICs,
Corporate HILM t, 5 HERG ICs;;,  (microM) 5 isoforms (2D6,
ID (min) (microM) 2C9,3A4, 2C19, 1a)
2 + R 1t
++ * i
1 + - -
HLM ti2 HERG IC50 CYPI IC50
25-175 min (+) 1-15 puM (*) >10 puM (#)
176-325 min (++) 16-30 uM (**) >20 uM (##)

50

4c. Tail Suspension Test, Locomotor Activity Test
and Forced Swim Test

4c1. Mouse Tail Suspension Test

The method, which detects antidepressant activity, follows

that described by Stéru et al (Psychopharmacology, 85: 367-
370 (1985)). Rodents, suspended by the tail, rapidly become
immobile. Antidepressants decrease the duration of immobil-
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The behavior of the animal was recorded automatically for
5> minutes using a computerized device (Med-Associates Inc. )
similar to that developed by Steru et al (Prog. Neuropsychop-
harmacol. Exp. Psychiatry 11: 659-671 (1987)). Ten to
twelve mice were tested 1n each group. Compounds were
typically evaluated at 3 doses (1-30 mg/kg), administered
orally one time: 30-60 minutes before the test, and compared
with a vehicle control group. Desipramine (100 mg/kg),
administered under the same experimental conditions, was
used as the positive reference substance.

Data were analyzed by one way analysis ol variance
(ANOVA) followed by post-hoc comparisons where appro-
priate. An eflect was considered significant if p<0.035. Data
are represented as the mean and standard error to the mean
(s.e.m).

4c2. Locomotor Activity

In order to ensure eflects of the compounds on immobility
time were not related to a general stimulant effect on baseline
motor activity, locomotor activity was assessed using photo-
cell momitored cages (Med-Associates Inc.). Each test cham-
ber was equipped with infrared photocell beams to measure
movement of the animals. Horizontal and vertical activity
were measured.

Rats or mice were pretreated with vehicle or test com-
pounds and placed back in home cage, following which they
were imndividually placed in locomotor cages and activity was
monitored 1n 1-5 minute intervals for itervals up to 60 min.

Data were analyzed by one way analysis ol varnance
(ANOVA) followed by post-hoc comparisons where appro-
priate. An eflect was considered significant if p<0.05. Data
are represented as the mean and standard error to the mean
(s.e.m).

4c3. Result Summary

Effects of compounds of the invention were evaluated 1n
the mouse tail suspension and locomotor activity test. Results
showed that all compounds tested exhibited an antidepres-
sant-like profile (1.e., significantly decreased immobility
time) with MED’s 1n the range of 3-30 mg/kg, PO. At doses
active 1n the tail suspension test, no change or a decrease 1n
baseline motor activity was observed indicating that antide-
pressant-like activity was not due to a general stimulant
elfect.

Effects of compounds of the invention were also evaluated
in the rat forced swim and locomotor activity tests. All com-
pounds exhibited antidepressant-like efiects with MED’s in
the range of 10-30 mg/kg, PO. The decrease in immobility
produced by these compounds appeared to be due to increases
in swimming and climbing behaviors indicative of mixed
transporter activity (1.e., SNRI profiles). Similar to the mouse
tail suspension results, the rat forced swim test also showed
anti-depressant like activity for this compound.
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Mouse Tail Suspension and Locomotor Activity Results

Mouse Tail Suspension  Mouse Locomotor Activity

Treatment Mean Immobility Time +  Total Distance Traveled +
Dose (mg/kg, PO) S.E.M. S.E.M.
2 0 +++ Slale
0.3 +++ o
1 +++ A
3 + o ok 3k
2 0 +44++ #K
3 +++ ok
10 + ok R
30 + *
4 1 ++++ o
3 ++++ o
10 +++ S
30 + *

Mouse Tail Suspension Mouse Locomotor Activity

100-160 (+) 100-500 (%)

161-170 (++) 501-700 (**)

171-190 (+++) 701-900 (**%)
>191 (++++) =901 (FFEE)

After the TST, brain and plasma samples were collected
from 4 representative mice from each treatment group for
analysis of 2 and 4 exposure levels 1in these tissues. 2 exhibited
a dose-dependent decrease 1 1immobility 1n this test (see
above). Significant levels of the 4 metabolite were found 1n
plasma and brain levels subsequent to oral 2 administration.

4c4. Rat Forced Swim Test

The method, which detects antidepressant activity, fol-
lowed that described by Porsolt et al (Fur. J. Pharmacol., 47:
3°79-391 (1978)) and modified by Lucka et al. (Psychopharm,
121: 66-72 (1995)). Rats forced to swim 1n a situation from
which they cannot escape rapidly become immobile. Antide-
pressants decrease the duration of immobility. In addition,
distinct patterns of active behaviors are produced by antide-
pressants that selectively inhibit norepinephrine (NE) and
serotonin (5-HT) uptake 1n this test. Selective NE reuptake
inhibitors decrease immobility by increasing climbing behav-
iors whereas selective 5-HT reuptake inhibitors decrease
immobility by increasing swimming behaviors.

Rats were individually placed 1n a cylinder (Height=40 cm;
Diameter=20 cm) containing 22 c¢cm water (25° C.) for 15
minutes on the first day of the experiment (Session 1) and
were then put back 1in the water 24 hours later for a 5 minute
test (Session 2). The sessions were videotaped and duration of
immobility as well as swimming and climbing behaviors
during the 5 minute test were measured. Twelve rats were
tested 1 each group. The test was performed blind. Com-
pounds were typically evaluated at 3 doses (1-30 mg/kg),
administered orally 2 times: 24 hours and 30-60 minutes
before the test (Session 2), and compared with a vehicle
control group. Desipramine (20 mg/kg 1.p.), administered
under the same experimental conditions, was used as the
positive reference substance.

Data were analyzed by one way analysis of variance
(ANOVA) followed by post-hoc comparisons where appro-
priate. An effect will be considered significant 11 p<<0.03. Data
are represented as the mean and standard error to the mean
(s.e.m.).
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Rat Forced Swim and Locomotor Activity Results

Treat-
ment Rat LLocomotor
Dose Activity
(mg/kg, Rat Forced Swim (Means = S.E.M.) Total Distance
PO) Immobility Swimming Climbing  Traveled £ S.E.M.
2 0 +++ * e °
1 +++ * P °
3 +++ * o °
10 + ok it 0ee
Immobility  Swimming Climbing Total Distance Traveled
1-20 (+) 1-5 (%) 1-10 (#) 100-2500 (%)
21-40 (++)  6-9 (*%) 11-20 (#F) 2501-5000 (°°)
=41 (+++) =10 (FFF) 21 (###H#)  >5001 (°°°)
Example 5
Sa. Ex Vivo Binding Assay

Receptor occupancy of central noradrenaline (NA), 5-HT
and dopamine (DA) transporter sites following peripheral
administration of compounds was determined using [*H]
nisoxetine, ["H] citalopram and ["H] WIN 35428 binding,
respectively. Liquid scintillation counting was used to quan-
tify the radioactivity.

C57BL/6 mice (25-30 g) were dosed orally with either
vehicle or compound at 4 dose levels. Mice were sacrificed 60
minutes after treatment. Whole brains were removed and
cortex and striata dissected out before being frozen on dry 1ce.
The brain tissue was stored at —20° C. until the day of the
assay. The cortex from each hemisphere was frozen sepa-
rately. One was used to determine occupancy of NA trans-
porter sites and the other occupancy of 5-HT transporter sites.
Striatum was used to determine occupancy of DA transporter
sites.

Frontal cortex from each hemisphere or striata was homog-

enized individually 1n ice-cold assay buffer using a tight
fitting glass/ Teflon homogenizer and used immediately in the
binding assay.

5b. [’H] Citalopram Binding to 5-HT Transporter
(SERT) Sites in Mouse Brain

Cortical membranes (400 ulL; equivalent to 1.25 mg wet
weight of tissue/tube) were incubated with 50 ul of [°H]
citalopram at a single concentration of 1.3 nM and either 50 ul
of buffer (total binding) or 350 ul of paroxetine (0.5 uM;
non-specific binding) for 1 h at 27° C. For each animal, three
tubes were used for the determination of total binding and
three tubes were used for the determination of non-specific
binding.

5c. [’H] Nisoxetine Binding to Norepinephrine
Transporter (NET) Sites in Mouse Brain

Cortical membranes (400 ulL; equivalent to 6.0 mg wet
weight of tissue/tube) were incubated with 50 uL. of [°H]
nisoxetine at a single concentration of 0.6 nM and either 50
ul. of butler (total binding) or 50 ul. of mazindol (1 uM;
non-specific binding) for 4 h at 4° C. For each animal, three
tubes were used for the determination of total binding and
three tubes were used for the determination of non-specific
binding.



US 8,609,291 B2

53

5d. [’H] WIN 35428 Binding to DA Transporter
(DAT) Sites 1n Mouse Brain

Striatal membranes (200 uL; equivalent to 2 mg wet weight
of tissue/tube) were incubated with 25 uL of [P’H] WIN 35428
at a single concentration of 24 nM and either 25 L. of butifer
(total binding) or 25 ulL of GBR12935 (1 uM; non-specific
binding) for 2 h at 4° C. For each animal, two tubes were used
for the determination of total binding and two tubes for the
determination of non-specific binding.

Membrane bound radioactivity was recovered by filtration
under vacuum through Skatron 11731 filters, presoaked in
0.5% PEI, using a Skatron cell harvester. Filters were rapidly
washed with 1ce-cold phosphate buffer and radioactivity

(dpm) was determined by liquid scintillation counting (1 mlL.
Packard MV Gold scintillator).

Se. Data Analysis

A value for specific binding (dpm) was generated by the
subtraction of mean non-specific binding (dpm) from mean
total binding (dpm) for each animal. Data are presented as
mean specific binding (dpm) and as a percentage of the
vehicle-treated control taken as 100%.

31. Results Summary

Ex vivo SERT, NET and DAT binding/receptor occupancy

data were generated for 2.
Ex Vivo Binding Profile of 2 1n Mice

Treat-
ment
Dose Mean Specific Binding (dpm) = S.E.M.
(mg/kg, (Values in Brackets Denote % Transporter Occupancy)
PO) NET SERT DAT
2 0 1050 =34 3302 £ 111 43327 + 4273
1 845 + 44 (19)* 2926 £ 119 (11) 36886 = 1873 (15)
3 583 £20 (44)® 3330 £ 176 (-1) 21744 = 1050 (50)*
10 271 £ 12 (74)% 3104 £ 131 (6) 8941 + 305 (79)*
30 115 +£13 (89)* 3126 £ 204 (5) 4236 £ 538 (90)*

Example 6

Summary of Selected In Vitro Data for Test

Compounds
5-HT NE DA
IC50 nM IC50 nM IC50 nM

1 + gho HH

2 + 8 #

4 ++++ * #

7 ++ i #

8 +4++ Glolale HH

9 +4+++ Ghalo #

0 ++ o #

1 + ako #
12 A/B +4++ Glolole Hi#H
3 A/B n.t n.t. 1.t.
4 A/B ++ Glolole HH
5 A/B ++ Glolale HH
6 A/B + Shaloly #
|7 A/B ++ Glolale HH
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-continued

18 A/B +++ Gholo #

19 A/B n.t n.t. n.t
20A/B n.t n.t. n.t
21 A/B + KoK Ok #

22 A/B n.t n.t. n.t.
23 A/B ++ Glolale Hit
24 +4+ Shalohy HitHH
25 ++++ * #

26 + ok i
27 ++ g Hit

5-HT IC50 NE IC50 DA IC50

1-2000 nM (+)
2001-7000 nM (++)
7001-10000 nM (+++) 1001-5000 nM (****)
>10001 nM (++++) >5001 nM (FFF*F)
Human Liver Microsome = HLM;

Rat Liver Microsome = RILM;

Mouse Liver Microsome = MLM.

10-200 nM (*)
201-1000 nM (**)

10-200 nM (#)
201-1000 nM (##)
1001-5000 nM (###)
5001-10000 nM (####)

Example 7
7a. Reserpine Rat Model

The efifects of compound 4 alone and in combination with
L-DOPA were evaluated 1n the reserpine-treated rat Parkin-
son’s disease model. The method, which detects antiparkin-

son activity (reversal of motor deficits and akinesia), follows
that described by Johnston et al. (Exp Neurol, 191, 243-250,

2003). Eighteen hours prior to behavioural testing, rats were
lightly anaesthetized with 1soflurane and reserpine (3 mg/kg,
sc) was 1njected along with saline (50 ml/kg) to prevent dehy-
dration.

7b. Behavioral Assessment

Accelerating Rotarod: Performance on an accelerating
rotarod was assessed using a 4-station rat rotarod (Med Asso-
ciates, USA). The speed of rotation of the rotarod was
increased from 3.5 to 35 rpm over 5 minutes and the time for
which the animal remained on the rod determined as the mean
of three tnals.

Catalepsy Test: Catalepsy was assessed by placing the rat’s
forepaws on top of a horizontal wooden rod suspended 6 cm
above the bench surface. Time taken to remove both paws
from the rod was recorded, up to a maximum of 120 seconds.
Three trials per animal were conducted.

Open Field: Activity 1n an open field arena was assessed
using automated activity monitors (Linton Instrumentation,
UK). Rats were placed in the activity boxes and locomotor
activity was recorded over a 240 minute period.

Drug Admainistration: For the monotherapy experiment,
the effects of 5 different treatments were assessed: 1) vehicle
(sterile water, PO), 2) 3 mg/kg compound 4 (PO),3) 10mg/kg
compound 4 (PO), 4) 30 mg/kg compound 4 and 5) 80 mg/kg
(IP) of the positive reference substance, L-DOPA (80 mg/kg).
In the combination experiment, 5 different treatments were
assessed: 1) compound 4 vehicle (PO)+L-DOPA vehicle (IP),
2) compound 4 (10 mg/kg, PO)+L-DOPA vehicle (IP), 3)
compound 4 vehicle (PO)+L-DOPA (30 mg/kg, IP), 4) com-
pound 4 (10 mg/kg, PO)+L-DOPA (30 mg/kg, IP) and 5)
compound 4 vehicle (PO)+L-DOPA (80 mg/kg, IP). Treat-
ments were given 1n a randomized fashion and each animal
received all treatment conditions. Compound 4 was adminis-
tered 60 minutes prior to behavioral assessment and L-DOPA
was administered immediately prior to behavioral testing.

Results showed that compound 4 (3-30 mg/kg, PO) alone

dose-dependently improved performance in a variety of
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behavioral tests (baseline locomotor activity, FI1G. 2, rotarod,
FIG. 3, and catalepsy, FIG. 4). Depending upon the behav-
1oral test, effects of compound 4 were similar or smaller than
those observed with L-DOPA (80 mg/kg). In the combination
experiment, the combination of compound 4 (10 mg/kg, PO)
and low dose L-DOPA (30 mg/kg) showed elfects that were
equal 1n magnitude and of longer duration than those pro-
vided by a higher dose of L-DOPA dose (80 mg/kg), FIG. 5.

The data suggest that compound 4 may have some anti-
parkinsonian actions as monotherapy although effects are not
as powerful as L-DOPA. The combination compound 4 and
low dose L-DOPA experiments indicated anti-parkinsonian
actions that were equal 1n magnitude and of longer duration
than those provided by a higher L-DOPA dose. Compound 4
could thus be described as “L-DOPA sparing”.

Example 8

8a. Rat Unilateral 6-hydroxydopamine (6-OHDA)
Lesion Model

The effects of compound 4 alone and 1n combination with
L-DOPA were evaluated 1n the rodent 6-OHDA -lesioned rat
Parkinson’s disease model. The method, which detects anti-

parkinson activity (reversal of motor deficits and akinesia),
tollows that described by Henry et al. (Exp Neurol, 151(2):
334-42, 1998).

Amimal Preparation: Prior to surgery, rats were adminis-
tered pargyline (5 mg/kg, 1p) and desipramine (25 mg/kg ip)
to optimize subsequent 6-OHDA availability and increase
specificity for toxicity to dopaminergic neurons. Rats were
then anesthetized with 1soflurane and placed 1n a stereotaxic
frame. After exposure of Bregma, a burr hole was drilled 1n
the skull above the right median forebrain bundle at co-ordi-
nates: 2.8 mm posterior and 2 mm lateral to Bregma (accord-
ing to the atlas of Paxinos and Watson, 1986). A 28 G Hamil-
ton needle was then lowered 9 mm below the skull. Injection
of 6-OHDA (12.5 ug 1n 2.5 ul) was then made (1 ul/min). The
needle was then left in place for 4 minutes to ensure complete
absorption of the solution. After slow retraction of the injec-
tion needle, the wound was closed and animals were admin-
istered saline (50 ml/kg, sc), an analgesic (Ketoprofen, 0.5
mg/kg) and a broad spectrum antibiotic (enrofloxacin, 735
mg/kg). Following surgery, animals were left untreated for 3
weeks to allow the lesion to develop and stabilize prior to the
start of behavioral assessment.

8b. Behavioral Assessment

Paw Placing Test: The paw placing test assesses correct
placing of each forepaw in response to a sensory stimulus.
Rats were gently held by their torsos and each forepaw was
restrained between thumb and forefinger whilst allowing the
opposite paw to hang free. The rat was then held parallel to the
edge of a table with the free forelimb placed adjacent to the
edge. The animal was then moved towards the table and the
vibrissae brushed against the table edge to elicit a forelimb
placing response from the free limb. A total of ten trials were
conducted 1n quick succession before repeating the procedure
tor the other paw. The test was quantified as the percentage of
successiul placing responses of the limb contralateral to the
side of the 6-OHDA lesion. Placement of the limb ipsilateral
to the side of the lesion was successtul 1n 100% of cases 1n all
ammals.
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Drug Administration: For the monotherapy experiment,
the effects of 5 different treatments were assessed: 1) vehicle
(sterile water, PO), 2) 3 mg/kg compound 4 (PO),3) 10 mg/kg
compound 4 (PO), 4) 30 mg/kg compound 4 and 5) 6.5 mg/kg
(IP) of the positive reference substance, L-DOPA. In the
combination experiment, S5 different treatments were
assessed: 1) compound 4 vehicle (PO)+L-DOPA vehicle (IP),
2) compound 4 (10 mg/kg, PO)+L-DOPA vehicle (IP), 3)
compound 4 vehicle (PO)+L-DOPA (2 mg/kg, IP), 4) com-
pound 4 (10 mg/kg, PO)+L-DOPA (2 mg/kg, IP) and 5)
compound 4 vehicle (PO)+L-DOPA (6.5 mg/kg, IP). Treat-
ments were given 1n a randomized fashion and each animal
received each treatment condition. Compound 4 was admin-
istered 60 minutes prior to behavioral assessment and
L-DOPA was administered immediately prior to behavioral
testing.

Results showed that compound 4 (3-30 mg/kg, PO) alone
produced little or no improvement in performance in the paw
placement task. The combination of compound 4 (10 mg/kg,
PO) and low dose L-DOPA significantly increased paw place-
ment performance providing some evidence of synergy
between actions of compound 4 and L-DOPA (FIG. 6).

The present 1invention 1s not to be limited 1n scope by the
specific embodiments disclosed 1n the examples which are
intended as 1llustrations of a few aspects of the invention and
any embodiments that are functionally equivalent are within
the scope of this invention. Indeed, various modifications of
the invention in addition to those shown and described herein
will become apparent to those skilled 1n the art and are
intended to fall within the scope of the appended claims.

All patents, patent applications, and other publications
cited 1n this application are incorporated by reference herein
in their entirety for all purposes.

What 1s claimed 1s:
1. A compound having a formula:

or a pharmaceutically acceptable salt thereof.
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2. A compound of claim 1 having the formula:

or a pharmaceutically acceptable salt thereof.

3. A pharmaceutical formulation comprising a compound
of claim 2 or a pharmaceutically acceptable salt thereof 1n
combination with a pharmaceutically acceptable excipient.

4. A compound of claim 1 having the formula:

or a pharmaceutically acceptable salt thereof.

5. A pharmaceutical formulation comprising a compound
of claim 4 or a pharmaceutically acceptable salt thereof 1n
combination with a pharmaceutically acceptable excipient.

6. A compound of claim 1 having the formula:

or a pharmaceutically acceptable salt thereof.
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7. A pharmaceutical formulation comprising a compound
of claim 6 or a pharmaceutically acceptable salt thereof 1n
combination with a pharmaceutically acceptable excipient.

8. A method for treating a neurological disorder, said
method comprising administering to a subject in need thereof
a therapeutically effective amount of a compound of any one
of claims 2, 4, and 6, or a pharmaceutically acceptable salt
thereof, wherein the neurological disorder 1s substance abuse,

fibromyalgia, pain, sleep disorder, attention deficit disorder
(ADD), attention deficit hyperactivity disorder (ADHD),

restless leg syndrome, depression, schizophrenia, anxiety,
obsessive compulsive disorder, panic disorder, posttraumatic
stress disorder, premenstrual dysphoria, or neurodegenera-
tive disease.

9. The method of claim 8, wherein said neurological dis-
order 1s sleep apnea.

10. The method of claim 8, wherein said neurological
disorder 1s neuropathic pain.

11. A method for treating an eating disorder, said method
comprising administering to a subject in need thereot a thera-
peutically effective amount of a compound of claim 1, or a
pharmaceutically acceptable salt thereof.

12. A method for treating obesity, said method comprising
administering to a subject in need thereotf a therapeutically
elfective amount of a compound of claim 1, or a pharmaceu-
tically acceptable salt thereof.

13. A method of inhibiting reuptake of at least one
monoamine from a cell, said method comprising administer-
ing to a mammalian subject a compound of claim 1, or a
pharmaceutically acceptable salt thereof.

14. The method of claim 13, wherein said monoamine 1s
serotonin, dopamine or norepinephrine.

15. Amethod of modulating one or more monoamine trans-
porter, said method comprising administering to a mamma-
lian subject a compound of claim 1, or a pharmaceutically
acceptable salt thereol.

16. The method of claim 15, wherein said monoamine
transporter 1s serotonin transporter (SERT), dopamine trans-
porter (DAT) or norepinephrine (NE'T) transporter.

17. The method of claim 8, wherein said neurological
disorder 1s abuse ol cocaine, nicotine or a combination
thereof.

18. The method of claim 8, wherein said neurological
disorder 1s Parkinson’s disease.

19. The method of claim 8, wherein said neurological
disorder 1s attention deficit hyperactivity disorder (ADHD).
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